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1.0    EXECUTIVE  SUMMARY 


The  objectives  of  Milestone  3  were  as  follows: 

a.  Perform  detailed  heat  and  mass  balance  calculations  on  the  baseline 
design  which  was  developed  in  Milestone  2. 

b.  Predict  overall  plant  efficiency. 

c.  Develop  a  plant  configuration  which  includes  sizing  of  major  MHD 
components  and  approximate  steam  flowrates  from  both  the  existing 
Corette  and  the  MHD  Heat  Recovery  System. 

d.  Identify  design  options  which  may  require  additional  study. 

All  of  these  activities  have  been  completed,  and  the  overall  conceptual 
design  has  been  further  defined.    It  can  be  characterized  as  a  parallel 
boiler  type  of  design  with  approximately  50%  of  steam  generation  from 
each  boiler.    The  MHD  generator  is  a  supersonic  channel  which  will 
produce  28  MW  of  electric  power,  and  will  use  a  4.5T  superconducting 
magnet.    The  Heat  Recovery  System  is  generally  of  conventional  design 
and  in  addition  to  supplying  the  steam  required  for  the  Corette  turbine, 
it  also  serves  to  preheat  the  oxidizer  to  a  temperature  of  1160°E,  The 
method  of  steam  tie-in  to  the  existing  plant  is  particularly  simple  and 
has  been  described  in  the  Milestone  2  report.    In  summary,  the  design 
which  is  proposed  here  appears  to  be  a  workable  one  which  meets  the 
basic  design  requirements  stated  in  References  2  and  3. 
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Since  an  important  part  of  this  study  is  to  obtain  an  independent  review 
of  the  ATS  design,  we  are  including  as  a  separate  attachment  all  of  the 
written  comments  which  MSE  received  from  reviewers  as  a  result  of  the 
Milestone  2  review.    In  addition,  a  response  to  these  comments  has  been 
prepared  by  MSE,  and  is  included  as  Attachment  5.    The  comments  from 
reviewers  were  generally  quite  constructive,  and  in  several  cases 
resulted  in  design  modifications  which  will  improve  the  plant 
performance  or  simplify  the  design. 
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2.0    TECHNICAL  OVERVIEW 


As  noted  above  the  Milestone  2  report  was  reviewed  by  outside  reviewers 
representing  a  cross-section  of  the  MHD  community  and  the  utility 
industry.    The  written  responses  which  were  received  are  discussed  in 
attachment  6.    Two  of  the  utility  representatives  addressed  the  design 
objectives  which  were  identified  in  reference  1,  and  expressed 
particular  concern  about  the  first,  the  third  and  the  fourth  of  these. 
As  a  result  of  their  comments,  and  also  as  a  result  of  the  analysis 
efforts  in  Milestone  3,  the  first  of  these  has  been  relaxed  considerably 
while  the  fourth  one  has  been  retained.    The  requirement  that  seed 
reprocessing  be  demonstrated  has  also  been  dropped,  since  environmental 
constraints  associated  with  the  Corette  site  require  that  seed 
reprocessing  be  done  off  site.    For  completeness  the  revised  four 
objectives  are  stated  below. 

1.  Demonstrate  that  an  MHD  generator  can  attain  at  least  10%  enthalpy 
extraction  from  the  combustion  gas  flow. 

2.  Demonstrate  that  the  heat  reco\/ery  concepts  which  have  been 
developed  to  date  are  workable.    This  should  include  demonstration 
of  oxidant  preheat  and  demonstration  of  the  radiant  and  convective 
section  of  the  heat  recovery  boiler. 

3.  Demonstrate  that  all  critical  MHD  and  Heat  Recovery  components  can 
be  designed  to  meet  durability  and  reliability  requirements  for 
long  duration  operation  with  acceptable  maintenance. 
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4.     Achieve  the  same  or  greater  overall  plant  efficiency  as  the 
original  plant,  with  significantly  increased  net  power  output. 


In  developing  a  preliminary  design  for  an  MHD  retrofit  to  the 
Corette  plant  it  is  also  necessary  to  take  into  account  several 
constraints  which  are  imposed  by  the  Corette  plant  itself,  by  the 
present  technology  base  for  MHD,  or  by  the  nature  of  what  one 
wishes  to  accomplish  in  a  demonstration  project  such  as  this. 
These  are  addressed  in  the  following  discussion. 

a.     The  scale-up  of  MHD  components  is  limited  by  the  present 
technology  base  and  test  experience.    The  largest 
long-duration  MHD  test  facility  in  this  country  is  the 
Component  Development  and  Integration  Facility  (CDIF),  located 
in  Butte,  Montana.    It  is  limited  to  the  testing  of  MHD 
components  which  have  a  thermal  input  power  rating  of  50  MW  or 
less.    Since  the  Corette  plant  is  rated  at  about  460  MWth» 
the  required  scale-up  is  nearly  an  order  of  magnitude  over 
existing  components,  if  one  assumes  a  full  turbine  powering 
from  the  MHD  Heat  Recovery  System  alone.    Since  such  a  large 
scale-up  implies  a  high  degree  of  uncertainty  and  risk,  it 
becomes  necessary  to  consider  an  alternative  approach  in  which 
some  fraction  of  the  steam  is  supplied  from  the  Heat  Recovery 
System  (HRS),  with  the  balance  being  supplied  by  firing  of  the 
Corette  boiler  at  a  reduced  rate. 
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b.  There  is  a  constraint  on  the  Corette  boiler  which  is  imposed 
by  efficiency  considerations.    The  boiler  should  not  be 
operated  at  below  45  percent  of  its  rated  output  level  in 
order  to  insure  a  reasonable  plant  heat  rate.    This  constraint 
was  imposed  only  for  purposes  of  roughly  sizing  the  HRSR 
System,  and  in  no  way  precludes  running  the  Corette  boiler  at 
below  that  level . 

c.  In  order  to  minimize  the  capital  expense  as  well  as  downtime 
.   due  to  construction,  the  retrofit  design  should  impact  the 

existing  plant  as  little  as  possible,  and  maximum  use  should 
be  made  of  existing  plant  equipment. 

d.  Because  Corette  is  a  base-loaded  plant,  the  retrofit  design 
must  be  compatible  with  this  mode  of  operation.  In 
particular,  it  should  be  possible  to  accomplish  switchover 
from  combined  cycle  to  stand-alone  steam  plant  operation,  or 
vice-versa,  within  a  few  minutes. 

The  approach  to  the  design  task  was  to  break  the  problem  into  two 
main  parts;  the  MHD  power  train  and  the  heat  recovery  system.  The 
design  point  of  the  power  train  was  determined  by  a  parametric 
study  that  relied  on  a  computer  model  of  the  generator.  The 
objective  was  to  determine  the  combination  of  preheat  and  oxygen 
enrichment  that  would  yield  an  acceptable  power  output.  The 
results  and  the  study  itself  are  described  in  section  2.1. 
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The  heat  recovery  system  design  proved  to  be  a  more  difficult  task 
than  the  power  train  analysis,  primarily  because  there  is  no  known 
software  which  can  adequately  simulate  either  the  complex  geometry 
or  the  heat  transfer  phenomena  that  occur.    The  results  of  this 
design  effort  are  summarized  in  section  3. 

Based  on  the  power  train  analysis  and  the  Heat  Recovery  design 
specifications,  an  overall  heat  and  mass  balance  for  the  plan  has 
been  calculated.    In  some  cases  the  flow  rates,  temperatures,  and 
pressures  have  been  estimated  from  past  experience  or  previous 
studies  of  similar  retrofit  design.    The  final  heat  and  mass 
balance  is  shown  in  Attachment  2.    The  results  are  consistent  with 
other  retrofit  studies  except,  perhaps  for  the  fact  that  the  design 
point  operation  will  be  at  a  slightly  higher  oxygen  enrichment 
level  (36  mole  pet.)  than  might  be  expected.    This  is  due  to  the 
assumption  that  the  Air  Separation  Unit  could  use  an  internal 
compression  process  as  described  by  Juhasz^  to  reduce  the  power 
requirement  of  the  ASO  compressor,    A  summary  of  all  the  important 
design  point  data  is  shown  in  Table  1.    It  should  be  noted  that  the 
retrofit  schematic.  Attachment  3,  has  been  revised  in  a  few  places 
to  take  into  account  comments  from  reviewers.    The  flow-control 
valve  for  the  superheat  tie-in  point  has  been  eliminated,  since  it 
should  be  possible  to  control  superheat  flow  by  just  controlling 
feedwater  flow.    Also,  the  seed  processing  loop  has  been 
eliminated,  as  noted  above,  and  an  error  in  flue  gas  circulation 
has  been  corrected.    The  cooling  water  paths  have  also  been  better 
defined.  , 
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TABLE  1 


SUMMARY  DESIGN  POINT  PARAMETERS 
CORETTE  ATS  RETROFIT 


1.  Thermal  Input  Power,  MHD  .  250  MW 
Thermal  Input  Power,  Corette     yH-^  MW 

Tot.  Thermal  Input 

2.  Coal  Flow  Rate,  MHD 
Coal  Flow  Rate,  Corette 

3.  Coal:    Montana  Rosebud,  driecLtq^  5%  moisture 

content,  HHV  =  P^^Y^ f^Li  ' 

4.  MHD  Power  Output  -  Gross  28.44  MW 
Total  MHD  Compr.  Power  12.75  MW 
Net  MHD  Power  15.68  MW 

Corette  Plant  Output,  Net        /)    163.0  MW  ■  ■ 

Tot.  Power  Out,  Net  178,7  MW 

5.  Overall  Plant  Efficiency  36.9% 

v 

6.  Enthalpy  Extraction,  MHD  Gen.  ,^r^^ 

7.  Oxidizer  Flows  &  Power  Consumption: 

Air  Sep.  Unit  14.92  kgm/sec     6.67  MW 

•  Blend  Air  Compr.  31.24  kgm/sec     6^09  MW 

Totals  46.16  kgm/sec    12.76  MW 

8.  Combustor  Pressure  5.85  Atm 

9.  Oxygen  Content  at  ASU  Exit  70  mole  pet 
Oxygen  Content  at  Mixer  Exit           36  mole  pet 
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2. 1    Power  Train  Analysis 


The  performance  of  an  MHD  generator  is  dependent  on  a  large  number 
of  design  parameters  which  must  be  selected  or  evaluated  to  provide 
the  desired  performance.    Selection  of  these  parameters  must  also 
take  into  account  cost  and  other  constraints.    Evaluation  of  these 
parameters  is  best  accomplished  using  performance  analysis  computer 
codes  which  model  the  physical  phenomena  of  the  MHD  process.  The 
use  of  computer  codes  allows  the  variation  of  a  large  number  of 
parameters  and  the  use  of  complex  equations  modeling  the  physical 
process.    Three  codes  have  been  used  in  the  present  analysis  to 
model  the  MHD  topping  cycle  of  the  retrofit  system, 

2.1.1     Modeling  Approach 

The  performance  of  the  combustor  was  modeled  using  the 
chemical  equilibrium  thermodynamics  and  transport 
properties  computer  program,  CECTRN^  to  evaluate  the 
combustion  flame  temperature  and  the  nozzle  exit  conditions 
for  each  design  case  to  be  evaluated.    CECTRN  is  a  modified 
version  of  the  familiar  NASA  Chemical  Equilibrium 
Calculations  computer  program,  CEC767.    j]^q  chemistry  of 
the  coal,  seed,  and  oxidizer  (air  or  oxygen  enriched  air) 
are  specified  for  each  run.    Combustor  and  nozzle  heat 
transfer  are  accounted  for  through  an  adjustment  of  the 
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specified  enthalpy  of  the  reactants.    Three  runs  of  the 
CECTRN  program  are  required  for  each  case  to  be  evaluated. 
One  run  is  made  to  determine  the  combustor  flame 
temperature.    An  enthalpy  adjustment  accounting  for  the 
combustor  heat  transfer  is  entered  in  this  run,  since  the 
flame  temperature  is  dependent  on  this  quantity.  Another 
run  is  made  to  determine  the  fluid  and  thermodynamic 
conditions  at  the  exit  of  the  nozzle  (entrance  to  the  MHD 
channel).    An  enthalpy  adjustment  to  account  for  both  the 
combustor  and  the  nozzle  heat  transfers  is  used  in  this 
analysis.    The  third  run  of  CECTRN  is  made  to  produce  a 
table  of  thermodynamic  and  transport  properties  including 
conductivity  and  mobility,  that  is  to  be  used  in  the  MHD 
channel  and  d iff user  analyses  to  describe  the  "real  gas" 
properties  of  the  particular  chemistry  for  each  analysis. 

The  CECTRN  program  has  several  modes  of  operation,  two  of 
which  are  used  in  these  analyses.    The  combustor  flame 
temperature  and  the  nozzle  exit  conditions  are  evaluated 
using  the  RKT  (rocket)  mode  while  the  table  of 
thermodynamic  and  transport  properties  are  evaluated  using 
the  TP  (temperature  and  pressure  specified)  mode.    The  RKT 
mode  is  really  a  special  application  of  the  HP  (enthalpy 
and  pressure  specified)  mode,  in  which  the  combustion 
pressure  and  the  enthalpy  of  the  reactants  is  specified 
allowing  calculation  of  the  reaction  temperature.  Also 
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provided  in  the  RKT  mode  is  the  calculation  of  an 
isentropic  expansion  from  the  combustor  condition  to 
specified  nozzle  exit  conditions.    This  is  used  to 
determine  the  MHD  channel  entrance  conditions.    The  nozzle 
exit  can  be  specified  by  the  static  to  stagnation  pressure 
ratio  or  by  the  ratio  of  the  exit  area  to  the  nozzle  throat 
area.    The  nozzle  exit  can  also  be  specified  as  subsonic  or 
supersonic. 

The  CECTRN  code  does  not  have  provisions  for  specifying 
heat  transfer.    However,  there  is  a  technique  by  which  the 
heat  transfer  can  be  taken  into  account  if  the  heat 
transfer  rate  is  known  or  can  be  assumed.    For  the  present 
analysis,  the  heat  transfer  is  assumed  to  be  a  fixed 
percentage  of  the  fuel  thermal  input  to  the  combustor.  The 
heat  transfer  can  then  be  expressed  as  an  energy  per  mole 
of  fuel  (cal/mole  for  CECTRN  input),  and  expressed  as  an 
adjustment  to  the  enthalpy  of  the  reactants.    The  flame 
temperature  is  calculated  as  an  adiabatic  flame  temperature 
by  assuming  the  enthalpy  of  the  products  of  combustion  to 
be  equal  to  the  enthalpy  of  the  reactants.    The  flame 
temperature  thus  calculated  is  the  true  temperature 
accounting  for  heat  transfer  since  the  reactant  enthalpy 
has  been  adjusted  by  the  amount  of  the  heat  transfer. 
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The  table  of  thermodynamic  and  transport  properties  is 
calculated  by  specifying  16  values  of  temperature  and  6 
values  of  pressure  over  the  range  of  interest  and 
calculating  the  chemical  equilibrium  composition  and 
properties  at  each  combination  of  temperature  and  pressure 
using  the  TP  mode.    The  primary  thermodynamic  properties  of 
interest  are  the  specific  heat  (Cp,  the  isentropic 
exponent  (gamma),  the  molecular  weight,  the  enthalpy,  and 
several  thermodynamic  derivatives.    The  desired  transport 
properties  include  the  viscosity  and  Prandtl  number.  The 
electrical  conductivity  and  mobility  are  also  calculated 
using  the  method  of  Demetriades  and  Argyropolous^.  All 
of  the  properties  calculated  are  tabulated  in  a  data  set 
that  is  saved  for  later  use  by  the  MHD  channel  analysis 
code. 

The  chemistry  for  input  to  the  CECTRN  code  is  calculated  by 
another  computer  program,  PLCOAL^,    The  ultimate  and 
preliminary  analyses  for  the  particular  coal  to  be  used  are 
specified  in  the  PLCOAL  input.    The  percentage  of  moisture 
in  the  dried  coal  and  the  percentage  of  ash  to  be  rejected 
by  the  combustor  are  also  specified.    The  program  can  then 
determine  the  relative  quantities  of  ash,  completely  dried 
and  ash  free  coal  (daf  coal),  and  water  to  be  input  to  the 
CECTRN  code  to  simulate  the  chemistry  of  the  combustor  exit 
flow.    The  oxidizer  is  specified  to  PLCOAL  as  either  air  or 
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air  with  a  specified  percentage  of  oxygen  enrichment.  The 
seed  is  specified  as  potassium  carbonate  and  the  quantity 
is  determined  by  specifying  the  weight  percentage  of 
potassium  in  the  MHD  channel  flow.    From  these  inputs, 
PLCOAL  determines  all  of  the  chemistry  for  the  input  to 
program  CECTRN.    By  specifying  the  higher  heating  value, 
HHV,  of  the  selected  coal,  PLCOAL  is  also  able  to  calculate 
an  enthalpy  correction  factor  for  use  in  the  RKT  mode  of 
CECTRN  to  account  for  the  difference  between  the 
theoretical  HHV  and  the  actual  HHV. 

The  analysis  of  the  MHD  channel  flow  and  the  MHD 
performance  is  accomplished  using  a  modified  version  of  the 
quasi -one-dimensional  channel  code,  MHDUTA,  developed  by 
D.R.  Wilson  at  the  University  of  Texas  at  Arlingtonc^O 
This  code  uses  a  one-dimensional  core  flow  solution  coupled 
with  an  integral  boundary  layer  solution  on  each  of  the 
four  walls  of  the  generator.    The  MHD  differential 
equations  of  motion  are  solved  by  the  program  using  a  forth 
order,  Runga-Kutta  numerical  integration  technique.  The 
numerical  integration  is  a  marching  technique  that  solves 
for  the  fluid  dynamics,  thermodynamics,  and  electrical 
parameters  at  fixed  intervals  of  axial  distance  from  the 
entrance  to  the  exit  of  the  channel.    The  channel  code  can 
be  run  in  either  the  design  or  off -design  mode.    In  the 
design  mode,  the  flow  is  described  by  specifying  the  axial 


distribution  of  one  of  the  design  variables,  temperature, 
pressure,  velocity,  Mach  number,  or  core  area.    The  program 
then  solves  the  MHD  equations  to  determine  the  geometric 
are  axial  distribution  for  the  channel.    In  the  off -design 
mode,  the  geometric  area  distribution  is  specified.  The 
design  variables  are  then  the  products  of  the  solution. 

The  MHD  channel  code  can  be  run  for  any  one  of  the  four 
types  of  MHD  channels,  i.e.,  segmented  Faraday,  Hall, 
diagonal  conducting  wall  (DCW),  or  continuous  wall 
Faraday.    All  of  the  designs  for  large  scale  efficient 
power  production  are  based  on  either  the  segmented  Faraday 
or  DCW  schemes.    From  the  standpoint  of  the  external  wiring 
required,  the  DCW  generator  is  a  much  less  complex  device 
than  the  Faraday.    For  simplicity,  the  DCW,  two-terminal 
generator  was  chosen  for  the  present  analysis.    All  of  the 
designs  studied  used  a  DCW  generator  with  a  wall  angle  of 
45  degrees. 

The  design  mode  is  used  for  the  present  design  study.  In 
all  of  the  design  cases  studied,  constant  velocity 
solutions  were  used.    Both  subsonic  and  supersonic 
solutions  were  studied.    Each  design  case  was  optimized  for 
maximum  design  power  by  adjusting  the  load  current  I[_ 
until  a  maximum  power  level  was  obtained.    Figure  1 
illustrates  the  effect  of  load  current  on  design  power  for 
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a  typical  design.    Each  point  on  this  curve  represents  a 
single  MHD  channel  design,  each  different  from  the  others, 
but  all  designed  to  meet  the  same  specified  design 
constraints  at  the  specified  design  load  current,  1^. 
The  modified  MHDUTA  maximizes  load  current  automatically  by 
performing  the  MHD  solution  for  a  specified  starting  value 
of  load  current,  then  adjusting  the  load  current  through  an 
iterative  procedure  until  the  maximum  power  is  achieved. 
Each  design  case  is  thus  optimized  for  maximum  load  power. 

The  total  power  generated  and  the  total  heat  flux  from  the 
generator  are  calculated  by  integrating  the  local 
quantities  over  the  axial  length  of  the  generator.  The 
axial  distribution  of  height,  width,  and  area  are  outputs 
from  the  code  that  describe  the  geometry  of  the  generator 
design.    Axial  distribution  of  the  electrical  parameters  in 
the  core  flow  including  the  axial  and  transverse  current 
density  and  the  axial  and  transverse  electric  fields  are 
also  results  of  the  generator  design. 

For  the  present  study,  rather  simple  models  of  the 
diff users  were  used.    Supersonic  diffuser  pressure  recovery 
was  determined  by  assuming  a  normal  shock  at  the  exit 
conditions  of  the  MHD  generator.    This  is  a  conservative 
approach  since  a  well  designed  supersonic  diffuser  should 
perform  somewhat  better  than  a  normal  shock  recovery. 
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Subsonic  pressure  recovery  was  determined  using  a  pressure 
recovery  coefficient  of  0,45.    This  value  of  the 
coefficient  was  estimated  to  be  a  reasonably  conservative 
figure  based  on  a  paper  by  Doss—  describing  the  . 
performance  of  subsonic  diffusers  with  high  entrance 
blockage  as  is  typical  of  MHD  diffusers.    The  diffuser 
pressure  recovery  then  determines  the  final  exit  conditions 
from  the  MHD  topping  unit.    The  pressure  at  the  exit  of  the 
subsonic  diffuser  (entrance  to  the  HRSR  unit)  must  be 
sufficient  to  allow  for  the  pressure  drop  that  will  occur 
in  the  HRSR  unit  and  flue  gas  clean-up  system.    For  the 
present  study,  a  HRSR  entrance  pressure  of  1.2  atm,  was 
assumed. 

The  combustor  total  pressure  for  each  analysis  must  be 
determined  by  iteration.    Having  selected  a  combustion 
pressure  to  begin  the  analysis,  the  combustor  and  nozzle 
conditions  are  elevated  using  CECTRN.    The  MHD  performance 
is  then  analyzed  using  the  modified  MHDUTA,    Finally,  the 
diffuser  pressure  recovery  and  the  pressure  at  the  exit  of 
the  diffuser  is  calculated  by  the  methods  described  above. 
If  the  diffuser  exit  pressure  does  not  match  the  required 
constraint,  a  new  combustion  pressure  is  estimated,  and  the 
analysis  process  is  begun  again  with  CECTRN.    Iteration  is 
continued  until  a  reasonable  agreement  in  exit  pressure  is 
obtained.    The  final  run  is  then  the  design  for  the 
conditions  specified  for  that  study. 
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2,1.2     Analytical  Results 


The  present  study  has  been  directed  toward  the  development 
of  a  reasonable  conceptual  design  for  a  MHD  retrofit  of  the 
Montana  Power  Company  Corette  Power  Station.    The  concept 
recommended  in  this  phase  of  the  study  is  not  the  only 
concept  that  could  be  recommended  for  his  application,  nor 
is  it  necessarily  the  best  from  the  standpoint  of  maximum 
thermal  efficiency.    However,  within  the  constraints  of  the 
present  study,  the  design  here  recommended  has  been 
determined  to  be  a  reasonable  alternative. 

Several  design  parameters  have  been  selected  at  nominal 
values  and  fixed  for  the  duration  of  the  study.    The  fuel 
to  be  used  for  this  study  is  Montana  Rosebud  Coal.  The 
analysis  of  this  coal  is  taken  from  the  DOE  Chemical 
Equilibrium  Workshop  study. ^2    jhe  coal  is  dried  to  5 
percent  moisture  by  weight.    The  combustor  is  assumed  to  be 
capable  of  rejecting  85  percent  of  the  ash.    The  remaining 
15  percent  of  the  ash  is  carried  into  and  through  the  MHD 
channel  and  diffuser  and  finally  into  the  HRSR  unit.  A 
carbon  loss  of  3  percent  is  assumed  to  be  rejected  along 
with  the  slag  in  the  combustor.    The  seed  stock  for  the 
present  study  is  assumed  to  be  potassium  carbonate 
(K2CO3)  in  quantities  that  result  in  a  1.0  percent 
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concentration  of  potassium  (by  role)  in  the  MHD  generator 
flow.    Heat  flux  from  the  combustor  and  nozzle  were  assumed 
to  be  5  percent  of  the  fuel  thermal  energy  input. 

Both  subsonic  and  supersonic  generators  were  studied.  The 
subsonic  generators  were  assumed  to  be  constant  velocity 
generators  operating  at  a  velocity  of  800  m/s.    Two  inlet 
Mach  numbers  were  considered  for  the  supersonic  cases.  An 
inlet  Mach  number  of  1.6  was  considered  but  rejected  early 
in  the  study  due  to  poor  performance.    An  inlet  Mach  number 
of  1.2  was  used  for  the  remainder  of  the  study  for  the 
supersonic  cases.    The  supersonic  cases  were  also  assumed 
to  be  constant  velocity  designs  with  a  design  velocity 
consistent  with  the  specified  inlet  Mach  number.    For  all 
subsonic  cases,  the  peak  magnetic  field  was  assumed  to  be 
6.0  Tesla.    The  peak  magnetic  field  was  4.5  Tesla  for  all 
supersonic  cases . 

In  all  cases,  the  pressure  at  the  exit  of  the  subsonic 
diffuser  was  assumed  to  be  1.2  atmospheres.    An  iterative 
procedure  was  required  to  match  this  constraint. 

The  final  parameter  selected  was  the  nominal  size  of  the 
retrofit  system  to  be  considered.    Various  sizes  from  100 
MW  fuel  thermal  input  to  300  MW  fuel  thermal  input  were 
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discussed  and  considered.    A  unit  of  250  MW  fuel  thermal 
input  was  finally  selected  and  fixed  for  the  remainder  of 
the  study.    The  size  was  selected  based  on  scaling 
considerations  and  on  a  comparison  of  the  relative  sizes  of 
the  retrofit  and  primary  Corette  system. 

First  consider  some  limits  on  the  size  of  a  unit  to  be 
designed  for  installation  on  the  Corette  system.    The  unit 
could  be  designed  to  be  sufficiently  large  so  that  it  could 
supply  all  of  the  steam  requirements  of  the  present 
turbine,  thus  replacing  the  Corette  boiler  during  the 
operation  of  the  retrofit  system.    This  would  have  the 
advantage  of  simplifying  the  interconnection  of  the 
retrofit  and  the  existing  Corette  system  and  simplifying 
the  control  system  of  the  retrofitted  plant.  However, 
there  are  a  number  of  disadvantages  as  well.    First,  the 
system  would  be  on  the  order  of  500  MW  fuel  thermal  input 
in  size.    This  is  a  scaling  factor  of  10  to  1  over  the 
present  operating  experience  of  MHD  generators.    It  is  felt 
that  this  is  too  large  for  the  generator  to  be  reasonably 
scaled.    A  5  to  1  scaling  factor  is  felt  to  be  more 
reasonable  for  the  first  MHD  retrofit.    Furthermore,  if  the 
retrofit  was  providing  the  complete  turbine  supply,  it 
would  not  be  practical  to  keep  the  existing  boiler  hot. 
Thus,  if  a  failure  in  the  retrofit  system  caused  complete 
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shut  down,  the  existing  boiler  would  require  an  excessive 
period  of  time  for  cold  start  to  bring  the  plant  back  on 
line.    Again,  this  is  not  felt  to  be  a  reasonable  situation 
for  the  Corette  power  station. 

A  lower  limit  might  also  be  considered  for  the  retrofit. 
The  lower  limit  would  be  one  that  could  be  operated  with 
only  a  small  perturbation  on  the  operation  of  the  Corette 
power  station.    This  unit  would  be  on  the  order  of  scale  of 
the  present  CDIF  channel,  i.e.  approximately  50  MW,  This 
would  provide  no  experience  in  scaling  of  MHD  channels  and 
for  this  reason,  if  for  no  other  reason,  would  be 
considered  impractical. 

A  design  scaled  to  approximately  five  times  that  of  CDIF 

would  appear  to  be  most  practical  while  remaining 

reasonably  conservative.    This  would  be  a  unit  of  250  MW 

thermal  input.    This  size  would  have  a  secondary  advantage 

as  a  retrofit  on  the  Corette  system.    When  the  existing 

turbine  is  operating  at  full  design  output,  the  existing 

Corette  boiler  can  continue  to  operate  at  60  to  55  percent 

of  design  capacity,  with  only  minimal  loss  of  efficiency. 

With  the  existing  Corette  boiler  operating  at  60  percent, 
the  plant  could  recover  very  quickly  after  a  failure  of  the 

retrofit  system.    This  retrofit  would  also  be  large  enough 

to  drive  the  turbine  at  about  50%  output  using  only  the 
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HRSR  with  the  existing  boiler  down.    This  could  provide 
good  operating  experience  and  some  backup  for  Corette.  The 
250  MW  unit  is  the  most  reasonable  size  for  consideration 
of  retrofit  and  has  thus  been  selected  for  study  in  this 
analysis. 

The  design  variables  that  have  remained  variable  for  this 
study  are  primarily  the  level  of  oxygen  enrichment  and  the 
oxidizer  preheat  temperature.    Also,  both  subsonic  and 
supersonic  designs  have  been  considered.    The  combustion 
pressure  varies  from  one  design  to  the  next.    However,  in 
any  one  design,  the  combustion  pressure  is  constrained  by 
the  exit  conditions.    The  combustion  pressure  is  set  for 
each  design  at  the  level  that  will  provide  the  specified 
diffuser  exit  pressure  of  1,2  atmospheres.    The  resulting 
combustion  pressure  does  however  have  a  large  effect  on  the 
net  power  produced  by  the  MHD  unit. 

The  oxygen  enrichment  factor  (OEF)  was  varied  from  0  to  50 
percent  in  this  study.    This  corresponds  to  a  variation  of 
the  molar  nitrogen  to  oxygen  ratio  (N/0)  from  3.727  to 
1.5.    The  oxidizer  preheat  temperature  was  varied  from  900 
K  (1160''F)  to  1300  K  (1880°F).    The  lower  figure  was  chosen 
as  a  conservative  figure  for  construction  of  heaters  for 
highly  enriched  oxidizers,  while  the  higher  figure  was 
chosen  to  represent  the  advanced  state-off -the-art  high 
temperature  air  preheaters  as  recommended  by  Stewart 
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Way-^^.    The  performance  of  MHD  systems  at  various 
combinations  of  oxygen  enrichment  and  preheat  were  studied 
and  compared.    Furthermore,  these  combinations  were 
compared  at  both  the  supersonic  and  subsonic  velocities. 

Results 

Six  values  of  the  N/0  molar  ratio  were  selected  to  compare 
in  the  present  study.    The  six  values  are  (with  oxygen 
enrichment  factor,  OEF  values  shown  in  parentheses),  3.727 
(0%),  3.0  (19.5%),  2.5  (32.9%),  2.0  (46.3%),  1.75  (53.1%), 
and  1.5  (59.8%).    The  first  value  listed,  3.727  (0%)  is  for 
air  with  no  oxygen  enrichment.    Three  values  of  oxidizer 
preheat  were  also  considered,  900  K  (1160°F),  1100  K 
(1520°F),  and  1300  K  (1800°F).    The  analysis  codes  were  run 
to  predict  the  performance  of  MHD  topping  units  designed 
for  various  selected  combinations  of  the  oxygen  enrichment 
and  preheat  values  listed  above.    Figure  2  summarizes  the 
results  of  these  runs  for  the  subsonic  cases  in  the  form  of 
a  performance  map  of  MHD  electrical  power  for  variations  of 
oxygen  enrichment  and  preheat.    The  percent  of  total 
available  enthalpy  extraction  is  indicated  on  this  map. 
The  combustion  total  pressure  is  indicated  in  brackets  by 
each  point.    A  constraint  line  on  the  map  indicates  the 
portion  of  the  map  in  which  the  combinations  of  oxygen 
enrichment  and  preheat  can  be  achieved  in  a  practical 
design. 
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Figure  3  is  the  performance  map  for  the  supersonic  design 
cases.    It  can  be  seen  from  reviewing  these  two  figures 
that  the  difference  in  performance  between  the  subsonic 
cases  and  the  supersonic  cases  for  the  design  constraints 
of  this  study  are  minimal.    The  subsonic  cases  indicated 
slightly  better  performance  in  these  analyses.    It  would  be 
impossible  to  say  from  a  comparison  of  this  data  that  one 
is  really  better  than  the  other  at  production  of  power  from 
the  MHD  unit.    They  are  very  nearly  the  same  in 
performance.    However,  there  are  other  considerations  that 
have  led  to  the  choice  of  the  supersonic  design. 

The  large  scale  experiments  to  date  have  been  supersonic 
designs.    The  operation  of  supersonic  channels  is  well 
understood.    There  are  various  control  problems  that  may 
arise  with  large  scale  subsonic  channels.    These  problems 
can  be  solved,  but  some  experimentation  may  be  necessary  to 
develop  the  optimum  design  and  control  strategy  for 
subsonic  generators.    The  relative  uncertainty  in  the 
design  and  control  of  subsonic  channels  and  the  lack  of  any 
substantial  performance  benefits  dictates  that  a  supersonic 
generator  be  used  for  this  first  retrofit. 

The  operation  of  MHD  topping  cycles  require  a  relatively 
large  combustion  total  pressure  compared  to  the 
requirements  of  a  conventional  steam  power  plant.  A 
significant  amount  of  the  produced  MHD  power  must  be  used 
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for  compression  of  the  oxidizer  flow  to  the  MHD  combustor. 
The  energy  requirements  of  an  oxygen  plant  must  also  be 
considered  if  oxygen  enrichment  of  the  oxidizer  is 
required.    The  net  power  of  the  MHD  topping  cycle  for  the 
supersonic  cases  is  shown  in  Figure  4.    The  net  power  is 
the  power  produced  in  the  MHD  channel  less  the  power 
requirements  of  the  oxygen  plant  and  oxidizer  compressors. 

The  figures  in  brackets  are  the  combustor  total  pressures 
required  for  the  case.    Two  cases  appear  as  competitors  in 
this  figure.    The  case  having  an  oxygen  enrichment  factor 
of  53.1%  with  an  oxidizer  preheat  of  900  K  produces  only 
slightly  better  performance  than  the  case  with  no  oxygen 
enrichment  and  an  oxidizer  preheat  temperature  of  1300  K. 
Of  these  two  cases,  the  high  oxygen  enrichment  case  has 
been  chosen  for  this  retrofit  study. 

The  reason  for  the  choice  of  the  high  oxygen  enrichment 
case  over  the  high  preheat  temperature  case  is  two  fold. 
First,  the  high  temperature  (1300  K)  air  preheater  is  new 
technology  and  has  not  yet  been  proven.    In  fact,  most 
manufacturers  are  reluctant  to  produce  an  air  preheater  for 
service  at  a  temperature  of  greater  than  1000  K.    In  a  coal 
fired  i^HD  environment,  with  the  slag  and  highly  corrosive 
potassium  seed  species  present,  the  performance  and 
durability  of  a  high  temperature  air  preheater  are  even 
more  questionable.    High  temperature  air  preheaters  of  a 
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design  such  as  that  of  Stewart  Way  may  be  well  suited  for 
future  MHD  designs.    However,  research,  prototyping,  and 
testing  of  these  designs  should  be  completed  before  they 
are  considered  for  MHD  applications. 

The  high  oxygen  enrichment  design  case  also  offers  more 
flexibility  than  the  high  preheat  case.    For  a  first 
retrofit,  flexibility  in  imperative.    With  an  oxygen  plant 
available,  variation  of  the  oxygen  enrichment  and  preheat 
levels  can  be  achieved.    Some  optimization  and 
experimentation  could  be  accomplished  with  the  plant  on 
line.    The  results  of  such  variations  would  be  very 
valuable  to  future  design  and  scale-ups  of  the  MHD  topping 
units  to  commercial  sizes. 

The  high  oxygen  enrichment  case  with  an  OEF  of  53.1%  (N/0 
of  1.75)  and  an  oxidizer  preheat  of  900  K  was  thus  chosen 
for  the  present  design  study.    All  of  the  cases  shown  in 
Figures  2  through  4  were  run  for  an  MHD  channel  active 
length  of  10  meters.    Without  further  study,  it  could  not 
be  certain  that  the  channel  length  of  10  meters  was 
optimal.    Holding  all  other  design  parameters  fixed  except 
the  combustion  pressure,  a  variation  of  the  length  was 
made.    The  results  of  the  performance  study  for  MHD  channel 
lengths  from  10  to  14  meters  is  shown  in  Figure  5.  A 
slight  increase  in  MHD  electrical  power  was  achieved  for 
the  longer  channels,  but  only  at  the  expense  of  substantial 
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increases  in  combustor  pressure.    The  increased  oxidant 
compressor  power  would  eliminate  any  small  gains  seen  in 
the  MHD  electrical  power.    For  this  reason  the  10  meter 
channel  was  chosen  for  this  design. 

The  final  specifications  for  the  chosen  channel  are  listed 
in  Table  1.    The  calculated  channel  geometry  is  listed  in 
Table  2. 
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TABLE  2 


Selected  MHD  Channel  and  Topping  Unit  Specifications 


Channel  Type:    Diagonal  Wall       .  ' 

Channel  Length:    10  meters 

MHD  Electrical  Power:    28.7  MW 

Peak  Magnetic  Field  Strength:    4.5  T 

Combustor:    250  MW  Fuel  Thermal  Input 

Heat  Loss,  5%  of  Thermal  Input 
Slag  Rejection,  85% 
Combustion  Pressure  5.85  atm. 

Fuel:    Montana  Rosebud  Coal,  Dried  to  5%  H2O 

Mass  flow  rate,  10.01  kg/s  (12.77  kg/s  as  rec'd.) 

Oxidizer:    Oxygen  Enriched  Air,  OEF  53.1%,  (N/0  1.75) 
Mass  Flow  Rate,  46.15  kg/s 
Preheat  Temperature,  900  K 

Air  Separation  Unit  Mass  Flow  Rate,  14.92  kg/s 

Air  Separation  Unit  Oxygen  Content,  71,85  mass  pet. 

Blend  Air  Mass  Flow  Rate,  31.24  kg/s 

Seed:    1%  k  by  weight  using  K2CO3 

Mass  Flow  Rate  of  K2CO3,  0.992  kg/s 
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TABLE  3 


Channel  Geometry  and  Magnet  Field  Strength 
250  MW  Thermal,  53.1%  Oxygen  Enrichment,  900  K  Oxidizer  Preheat 


X(m) 

Area  (!^ 

!2) 

0.0 

1, 

4550- 

01 

5.000D-01 

1. 

5400- 

01 

l.OOOD+OO 

1. 

678D- 

■01 

1.500D+00 

1. 

O  O  O  Pi 

8280- 

0-1 

2.000D+00 

1 

1. 

9900- 

•01 

2.500D+00 

2. 

1  /"  /"  ^^ 

IddD- 

01 

3.000D+00 

2. 

3570- 

01 

3.500D+00 

2. 

P     O  Pi 

5530- 

01 

4.000D+00 

2. 

"7  r»  o 

7820- 

01 

4.5000+00 

3. 

0140- 

01 

5.000D+00 

3. 

2580- 

01 

5.5000+00 

^ . 

5140- 

01 

6.000D+00 

3. 

782D- 

•01 

6.500D+00 

4. 

0610- 

01 

7.000D+00 

4. 

349D- 

01 

7,5000+00 

4, 

6450- 

01 

8.000D+00 

4. 

9470- 

01 

8.500D+00 

0. 

2530- 

01 

9.000D+00 

5. 

5700- 

01 

9.500D+00 

5. 

8920- 

01 

1. 0000+01 

6. 

1700- 

01 

dth  (M) 

Height  (M)  ! 

3  (T 

elsa) 

3. 

o  1  /I  r" 

814E- 

01 

3.814E- 

■01 

4. 

500E-01 

3. 

920E- 

01 

3.92SE- 

r\  1 

01 

4. 

500E+00 

4. 

O  P  P 

085E- 

01 

/!    1  p\r>  p 

4. 108E- 

r\  1 

■01 

4. 

500E+00 

4. 

256E- 

01 

A      O  o  P  r~ 

4.295E- 

r\  1 

■01 

4. 

500E+00 

4. 

434E- 

01 

4. 489E- 

r\  1 

■01 

4. 

500E+00 

4. 

/-I  OP 

618E- 

01 

4. 691E- 

r.  1 

■01 

4. 

500E+00 

4. 

809E- 

01 

4.901E- 

r\  1 

■01 

4. 

500E+00 

5. 

007E- 

01 

5. 119E- 

PVl 

■01 

4. 

500E+00 

5. 

209E- 

01 

5. 342E- 

r\  1 

■01 

4. 

500E+00 

5. 

414E- 

01 

5.567E- 

r\  1 

■01 

4. 

500E+00 

5. 

621E- 

01 

5, 796E- 

■01 

4. 

500E+00 

5. 

830E- 

01 

6.027E- 

■01 

4! 

500E+00 

6. 

041E- 

01 

6,252E- 

■01 

4. 

500E+00 

6. 

252E- 

01 

6.496E- 

■01 

4. 

500E+00 

6. 

462E- 

01 

6.730E- 

■01 

4. 

500E+00 

6. 

672E- 

01 

6.962E- 

■01 

4. 

500E+00 

6. 

879E- 

01 

7.192E- 

■01 

4. 

500E+00 

7, 

082E- 

01 

7.418E-= 

■01 

4, 

500E+00 

7. 

285E- 

01 

7,645E- 

■01 

4, 

500E+00 

7. 

486E- 

01 

7.871E- 

■01 

4. 

500E+00 

7. 

655E- 

01 

8.059E- 

01 

4. 

500E-01 

-27- 


Maximum  Power 


Load  Current 


Figure    1.    Optimization  for  Maximum  Power 
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Inlet  Velocity,  800  m/s  (Approx.  0.9  M) 
Nominal  Magnetic  Field,  6.0  T 
250  MW  Fuel  Tnermal  Input 
Numbers  in  (  )  indicate  molar  N/0 
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Figure    2.    MHD  Subsonic  Design  Power  Performance  Map 
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Figure    3.    MHD  Supersonic  Design  Power  Performance  Map 
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Figure    4.    MHD  Net  Power  hor  Supersonic  Cases 
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Figure    5.    Effect  of  MHD  Channel  Length 
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3.0    HRSR  PRELIMINARY  DESIGN  AND  ANALYSIS 


The  following  subsections  describe  the  progress  to  date  in  the 
preliminary  design  and  analysis  of  the  heat  recovery,  seed  recovery - 
boiler  (HRSR). 

3.1    Design  Philosophy  and  Physical  Description 

The  HRSR  boiler  is  still  in  a  very  early  stage  of  system 
definition.    Subsequent  analysis  will  almost  certainly  result  in 
some  changes.    Therefore,  the  following  physical  description,  and 
to  some  extent  the  design  philosophy,  reflects  the  state  of  the 
design  at  the  time  of  this  writing,  and  should  not  be  interpreted 
as  the  final  word. 

The  physical  layout  of  the  HRSR  boiler  is  shown  in  Figure  6.  The 
lower  furnace  is  sized  to  allow  a  little  over  two  seconds  retention 
time  for  the  MHD  exhaust  gas,  to  allow  equilibration  of  NOx"^^. 

The  lower  furnace  walls  are  evaporative  waterwalls,  studded  for 
refractory  retention.    The  refractory  thickness  is  adjusted  to  keep 
heat  transfer  low,  such  that  the  gas  exiting  the  lower  furnace  will 
be  no  cooler  than  about  2900°F,  again  for  NOx  equilibration. 

The  upper  furnace  design  departs  somewhat  from  conventional  design 
concepts,  the  idea  behind  it  being  to  quickly  dilute  the  gas 
through  the  wet  slag  regime,  while  minimizing  the  contract  of  wet 


-32- 


ash  particles  with  solid  walls.    The  bulk  of  the  potassium  sulfate 
condenses  out  in  the  temperature  range  from  2900°F  to  1900°f2, 
thus  cool  flue  gas  is  recirculated  in  sufficient  quantity  to  dilute 
the  flow  to  1800°F  at  the  upper  furnace  exit.    Secondary  air  is 
also  introduced  in  the  upper  furnace  to  bring  the  overall 
stoicheometry  to  1.05.    The  secondary  air  and  tempering  gas  are 
introduced  through  slots  normal  to  the  flow  and  across  the  upper 
furnace  roof  and  arch.    The  purpose  of  this  is  to  create  a 
protective  boundary  layer  of  tempering  gas  over  the  roof  and  arch. 
This  protective  gas  layer  will  keep  the  wet  ash  particles  off  the 
surfaces  and  retard  upper  furnace  clinker  formation.    The  contour 
and  injection  distribution  of  the  slotted  roof  and  arch  are 
designed  such  that  the  tempering  gas  will  become  reasonably 
uniformly  mixed  with  the  core  flow  at  the  furnace  exit.  An 
additional  constraint  on  the  roof  contour  is  that  it  must  introduce 
normal  pressure  gradients  in  the  flow  appropriately  contoured  such 
that  separation  on  the  arch  is  prevented.    The  secondary  air  is  not 
uniformly  mixed  with  the  tempering  gas  but  is  injected  from  the 
most  upstream  slots.    This  will  facilitate  secondary  combustion 
before  the  main  flow  is  cooled  too  much  to  support  the  combustion. 

While  the  upper  furnace  is  unusual,  its  aerodynamic  design  is  well 
within  the  state-of-the-art  in  turbulent  mixing  theory.    The  key  is 
to  keep  the  flow  as  two-dimensional  as  possible.    The  main  source 
of  three-dimensional  effects  is  the  double  vortex  set  up  in  the 
furnace  by  the  entering  MHD  flue  gas  jet  at  the  bottom.    The  effect 
of  those  vortices  may  be  approximately  offset  by  opening  the 


-33- 


injection  slots  wider  along  the  furnace  center  plane.  Unlike 
conventional  boilers,  this  boiler  will  utilize  considerable  gas 
recirculation  at  its  nominal  operating  condition.  The 
irreversibility  penalty  is  felt  to  be  a  worthwhile  trade-off  to 
avoid  hard  clinker  formation.    Subsequent  analysis  may  show  the 
efficiency  loss  due  to  such  massive  recirculation  to  be 
unacceptable.    In  this  case  the  design  will  be  modified  to  a  more 
conventional,  heavy  slagging  furnace  top.    This  will  involve  much 
more  soot  blowing  in  the  furnace  and  the  initial  slaging  stages  of 
the  convective  pass. 

With  the  recirculating  gas  design,  it  will  be  difficult  to  maintain 
proper  upper  furnace  operation  for  significantly  off -design 
operation.    Also,  since  supersonic  MHD  channel  efficiency  drops  off 
quickly  for  off-design  conditions,  it  is  recommended  that  the  MHD 
system  be  operated  always  near  design.    Thus,  load  variations  will 
be  absorbed  by  the  existing  Corette  boiler. 

Large,  irregular  shapes  are  expensive  to  build.    However,  since  the 
furnace  roof  is  not  a  waterwall,  it  need  be  no  more  expensive  to 
erect  than  a  conventional  boiler  roof.    It  will  require  more 
maintenance  than  a  conventional  design,  and  thus  it  should  be 
designed  from  the  outset  for  convenient  maintenance.    Figure  7 
illustrates  a  workable  concept  for  the  structural  design  of  the 
upper  furnace  roof,  while  Figure  8  illustrates  the  hinged  doors 
which  make  up  the  upper  furnace  surface. 
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Figure  5  may  include  tubing  parallel  to  the  injection  slots  in  the 
furnace  roof.    This  is  an  optional  feature  and  may  be  included  or 
not,  with  little  affect  on  the  flow  pattern  in  the  upper  furnace. 
The  tubing  constitutes  a  high  temperature  radiant  metal ic  oxidant 
heater.    The  foregoing  comments  on  cost  do  not  apply  to  it.  Made 
of  601  stainless,  it  would  be  expensive.    It  would,  however  reduce 
considerably  the  oxygen  requirement  to  operate  the  plant.  The 
heater  is  illustrated  in  Figure  9.    The  metal  temperature  is 
determined  by  a  rather  complex  balance  between  radiant  heat  flux 
from  the  hot  gas,  reradiation  from  the  refractory  coated  roof, 
convection  from  the  refractory,  and  convection  to  the  cooling  gas 
and  oxidant.    Maximum  attainable  oxidant  temperature  would  be  about 
1800°F.    Significant  development  problems  may  surface  with  the 
radiant  oxidant  heater,  and  so  for  now  it  is  recommended  that  the 
upper  furnace  be  designed  with  provision  for  later  installation  of 
a  full  size  high  temperature  air  heater.    More  refined  design 
calculations  may  justify  the  experimental  installation  of  a  small 
heater  section. 

The  convective  pass  of  the  boiler  is  conventional  in  design.  It 
does  include  more  than  the  usual  number  of  soot  blowers.    Also,  it 
provides  for  control  of  the  balance  between  intermediate 
temperature  oxidant  preheat  and  steam  reheat  and  superheat.  This 
is  accomplished  by  splitting  the  gas  flow  into  two  parallel  back 
passes^.    Gas  flow  balance  is  provided  by  adjustable  dampers  at 
the  cool  end. 
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The  approximate  physical 
5  is  as  follows: 


size  of  the  HRSR  boiler  as  shown  in  Figure 


Lower  Furnace: 


28  X  28  X  51  feet 


Upper  Furnace: 


28  X  28  X  10  feet 


Convective  Pass: 


28  X  20  X  50  feet 


Lower  Steam  Leg: 


13  X    8  X  30  feet 


Lower  Air  Leg: 


13  X    8  X  30  feet 


These  figures  are  subject  to  change  as  the  performance  analysis 
proceeds. 

3.2    Heat  and  Mass  Balance 

The  preceeding  section  describing  the  HRSR  boiler  is  based  on  hand 
calculations,  and  is  undergoing  constant  revision  as  the  results  of 
the  detailed  heat  and  mass  balance  of  the  boiler  become  available. 
Several  computer  codes  were  available  for  performing  the  heat  and 
mass  balance  (16,17,18).    Of  these,  all  are  quite  adequate  for 
performing  the  turbine  cycle  analysis.    The  only  one,  however, 
which  includes  a  reasonably  detailed  and  versatile  boiler  model  is 
PEPSI  (TM)  (Performance  Evaluations  of  Power  System  Efficiencies). 

PEPSI  (TM)  is  a  propriatary  code  developed  by  Energy  Incorporated 
(EI),  of  Idaho  Falls,  Idaho.    For  this  study,  arrangements  were 
made  for  PEPSI  (TM)  to  be  used  on  a  time-sharing  basis  with 
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University  Computing  Systems  (UCC)  of  Dallas,  Texas,  on  a  large 
mainframe  computer  operated  by  UCC. 

While  the  PEPSI  (TM)  code  is  the  best  available  for  the  present 
application,  it  turns  out  that  it  suffers  from  several  significant 
deficiencies  for  the  simulation  of  MHD  HRSR  boilers.  These 
deficiencies  are  as  follows: 

a.  The  inability  to  simulate  a  radiant  furnace  in  the  heat 

recovery  mode 

b.  The  inability  to  simulate  a  fuel -rich  combustion  gas,  or  to 
account  for  oxygen  enrichment 

c.  The  inability  to  simulate  flue  gas  recirculation 

d.  The  inability  to  simulate  a  pi  it  flue  gas  flow 

e.  The  inability  to  simulate  air  heaters  in  pendent  or  horizontal 
air-in-tube  configurations 

Since  the  PEPSI  (TM)  code  is  propriatary,  it  was  not  economically 
feasible  to  obtain  the  source  code  to  make  the  necessary 
modifications  to  generalize  the  code  to  account  for  the  above 
effects.    However,  it  appears  that  there  are  ways  to  modify  the 
code  inputs,  and  break  up  the  steam  cycle,  such  that  a  reasonably 
adequate  simulation  can  be  achieved. 
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In  order  to  describe  the  methods  being  used  to  simulate  the  boiler 
steam  cycle  with  PEPSI  (TM),  it  is  necessary  to  consider  first  the 
overall  steaming  order  of  the  boiler.    This  is  illustrated  in 
Figure  10.    The  dashed  lines  in  Figure  10  illustrate  the  way  in 
which  the  cycle  is  broken  up  in  order  that  PEPSI  (TM)  can  simulate 
the  dividing  of  the  flue  gas  flow.    Each  section  deliniated  by  the 
dashed  lines  in  Figure  11  is  simulated  by  a  different  run,  with  its 
own  complete  description  in  terms  of  the  standard  PEPSI  (TM) 
inputs.    These  three  separate  models  are  illustrated  in  Figures  11 
through  13.    In  the  boxes  delineating  different  stages,  the  upper 
right  number  gives  the  steaming  order,  the  upper  left  number  gives 
the  flue  gas  order,  and  the  lower  right  number  gives  the  type  of 
stage  being  modeled^.    The  types  of  stages  that  PEPSI  (TM)  is 
capable  of  modeling  are  as  follows^: 

Convective  Superheater 
Convective  Evaporator 
Convective  Economizer 
Convective  Reheater 

Convective  Tube  and  Shell  Air  Heater  (Flue  gas  inside  tubing) 
Radiant  Superheater 
Radiant  Evaporator 
Radiant  Economizer 
Radiant  Reheater 

Convective  Rotary  regenerative  Air  Heater 
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1. 
2. 
3. 
4. 

5. 
-1. 
-2. 
-3. 
-4. 
-5, 


This  method  of  breaking  up  the  cycle  necessitates  three  runs  to 
simulate  one  design  iteration  of  the  complete  cycle,  but  it  does 
alleviate  (d)  in  the  foregoing  list  of  deficiencies. 

Deficiencies  (a)  and  (b)  of  PEPSI  (TM),  the  inability  to  simulate  a 
radiant  furnace  unless  combustion  is  actually  taking  place  in  the 
furnace,  and  the  inability  to  simulate  a  fuel -rich  combustion  gas, 
are  being  sidestepped  by  introducing  both  the  primary  and  secondary 
air  to  the  lower  furnace.    Thus,  the  overall  stoicheometry  is 
duplicated  properly  downstream  of  the  upper  furnace.    This  will 
yield  somewhat  erroneous  results  in  the  lower  furnace,  and  to  a 
lesser  degree  in  the  upper  furnace.    The  error,  however,  is  such 
that  the  code  will  overpredict  the  radiant  heat  flux  if  left  to 
calculate  that  heat  flux  itself.    The  code  does,  however,  provide 
for  user  input  of  either  a  radiant  heat  flux  or  a  fouling  factor, 
either  of  which  can  be  used  to  manually  correct  the  error 
introduced  by  allowing  air-rich  combustion  to  occur  in  the 
furnace.    The  inability  to  account  for  depleted  nitrogen  in  the 
flow  (oxygen  enrichment)  is  not  felt  to  be  a  significant  source  of 
error  as  long  as  the  volume  flow  rate  is  properly  input  by  using 
excess  air  in  proper  combination  with  fictitious  energy  losses. 
The  fictitious  energy  losses  can  be  input  in  the  radiant  furnace 
through  the  use  of  an  unaccounted  losses  factor.    This  is  also  the 
mechanism  used  to  simulate  flue  gas  recirculation,  item  (c)  in  the 
list  of  deficiencies. 
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The  Inability  to  simulate  air  heaters  in  pendent  or  horizontal 
air-in-tube  configurations,  item  (e),  is  circumvented  by  using 
fictitious  reheater  flows  to  replace  the  air  heaters.    The  effects 
of  these  stages  on  the  flue  gas  is  identical  to  what  air  heater 
stages  would  be,  and  the  fictitious  reheat  steam  flows  can  be 
fairly  simply  related  to  the  actual  air  flows  by  hand. 

A  great  deal  of  space  has  been  devoted  to  describing  the 
deficiencies  of  the  PEPSI  (TM)  code  for  the  present  application. 
In  all  fairness,  it  should  be  pointed  out  that  the  code  does  a 
great  many  things  quite  well.    It  is  the  best  code  we  could  find 
for  the  purpose.    Energy  Incorporated  is  presently  in  the  process 
of  completely  rewriting  the  boiler  portions  of  PEPSI  (TM),  such 
that  all  or  most  of  the  deficiencies  listed  herein  will  be 
corrected.    Unfortunately,  the  new  code  won't  be  available  until 
the  summer  of  1983.    A  copy  of  this  section  of  this  progress  report 
is  being  supplied  to  EI  in  hopes  they  will  insure  the  deficiencies 
are  corrected  so  that  we  can  use  PEPSI  (TM)  in  a  much  more 
straightforward  manner  for  future  MHD  HRSR  design  work. 
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ATTACHMENT  #4 


nergy  Inc. 

FTS    5S7— 7100 


Date:     February  8,  1983  \  

,  To:     E.  M.  Ashby  

Thru:  

Copi  es :  

Py-om:    G.  L,  Nelson 
Subject:   Trip  Report  on  Visit  to  Corette  Power  Plant.  January  27.  198.-^ 


The  purpose  of  this  trip  was  to  familiarize  ourselves  with  the  general  layout 
of  the  Corette  plant,  and  to  understand  some  of  the  site-specific  limitations 
of  the  proposed  retrofit.    It  appears  to  me  that  space  limitations  will  be 
a  problem.    The  MHD  power  train  will  have  to  be  located  on  the  north  side 
of  the  main  plant.    We  discussed  a  number  of  questions  with  Lee  Alt,  plant 
manager,  and  Mike  Hofacker,  who  worked  there  as  an  engineer  for  several  years. 
Some  of  the  important  facts  which  emerged  from  these  discussions  were  as 
follows: 

a)  The  Corette  plant  has  no  excess  capacity  in  the  plant  air  supply  system, 
the  instrument  air  system,  the  waste  treatment  systems,  or  in  the 
electric  power  system. 

b)  Although  the  plant  is  not  now  running  near  its  maximum  availability  or 
capacity,  this  may  change  in  2-3  years  when  the  new  transmission  line  ■ 
into  Washington  state  is  completed.    This  should  enable  MPC  to  sell 
excess  power  to  west  coast  utilities. 

c)  The  existing  electrostatic  precipitator  will  not  be  available  to  handle 
MHD  flue  gas. 

Others  who  accompanied  me  were  Don  Cott,  Bob  Hiers  of  MSE,  Gloyd  Simmons 
and  Neal  Egan  of  Multitech,  and  Dr.  Roy  Johnson  and  Dr.  Don  Rudberg,  both 
of  Montana  State  University.    In  summary,  I  believe  the  trip  was  useful 
in  that  it  allowed  us  to  see  the  plant  close  up  and  also  to  discuss  some 
of  the  operational  problems  with  personnel  who  are  familiar  with  thp 
plant. 
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ATTACHMENT  #5 


During  the  course  of  this  project,  project  reviews  are  solicited  from 
participating  utilities,  members  of  the  EEI  Task  Force  and  MHD  consultants. 
Comments  on  the  Project  Milestone  #2,  MHD  Retrofit  Schematic  and  Baseline 
Specifications  were  received  from  the  following: 

Savannah  Electric  and  Power  Company 

Montana  Power  Company 

Northern  Indiana  Public  Service  Company 

Public  Service  Company  of  New  Mexico 

Commonwealth  Edison 

Pudget  Power 

Montana-Dakota  Utilities  Co. 

Gulf  States  Utilities  Co. 

Allegheny  Power  System  .  • 

Southern  California  Edison  Co.  (2) 

Charles  T.  Main,  Inc.  (2) 

Mr.  Finn  Hal s 

Mr.  Stewart  Way 

Electric  Power  Research  Institute 
Mr.  Roy  Johnson  , ' 

Mr.  Don  Rudberg 


Savannah  E!ectrsc  and  Power  Comparsi/  PQ  Box  968. Savannah, Georgia  31402     (912) 232-7171 


February  15,  1983 


Mr.   E.   W.  Ashby 
Mountain  States  Energy,  Inc. 
Post  Office  Box  3662 
Butte,   Montana  59702 

Dear  Mr.  Ashby: 

Mr.   W.   C.   Smith,   Senior  Vice  President,  Savannah 
Electric  and  Power  Company,   recently  elected  to  take  normal 
retirement.     As  a  result,    I  have  "inherited"  a  number  of 
his  files   including  the  one  concerning  MHD. 

I  have  no  comments  or  recommendations  to  make  at 
this  time  but  would  appreciate  remaining  on  the  project 
mailing  list,  with  the  possibility  of  future  involvement. 

Sincerely ,  ■ 

Frank  E.  Gabrels 

Director,   System  Evaluation 


GENERAL  OFFICES  40  EAST  BROADWAY.  BUTTE.  MONTANA  59701  •  TELEPHONE  406/723-542 


February  4,  1983 


Mr.  E.W.  Ashby 

Mountain  States  Energy  Inc., 

P.O.  Box  3662 

Butte,  MT  59701 

RE     :     Your  letter  dated  January  17,  1983 
83MSE-010 

Dear  Mr.  Ashby: 

The  following  comments  are  in  response  to  your  letter 
83MSE-010  and  its  attachment  "Specification  of  Baseline 
esign  . 

Before  addressing  specific  areas  of  the  letter,   I  believe 
some  general  comments  on  the  philosophy  of  design  for  the 
Advanced  Test  System  at  the  J.E.  Corette  plant  are  in  order. 
Some  of  the  comments  in  your  cover  letter  and  the  attached 
design  requirements  are  not  the  same  as  those  defined  in  The 
Montana  Power  Company's  report  "MHD  Advanced  Test  System 
Performance  Requirements"  for  the  Montana  Department  of 
Natural  Resources  and  Conservation,  contract  #  FS-MPC-042. 
I  do  not  feel  it  is  appropriate  to  change  the  criteria 
established  by  the  utilities  in  this  report.     These  criteria 
are  qualitative  in  nature,  but  specific  in  the  philosophies 
that  the  utility  industry  feels  should  be  applied  to  the 
design  of  the  Advanced  Test  System  to  show  MKD ' s  viability. 
These  requirements  also  provide  for  performance  standards 
that  can  be  met  at  less  cost  and  less  risk  than  some  of  the 
design  requirements  you  are  suggesting.     I  would  recommend  a 
matrix  of  the  utility  requirements  be  established  and  all 
points  addressed.     An  overlay  matrix  of  technical  or  demon- 
stration requirements  could  also  be  prepared  and  where 
conflicts  occur,   the  hierarchy  requirement  can  be  identified 
and  justified.     Of  course,   this  is  keeping  in  mind  1)  the 
goal  is  to  make  MHD  work  and  2)   costs  should  be  kept  to  a 
minimum. 


LETTER  -  ASHBY 
February  4,  1983 
Page  2 


In  paragraph  3  of  your  cover  letter,  you  ask  about  the 
amount  of  oxygen  enrichment  and  the  amount  of  air  preheat 
required.     We  consider  these  as  technology  requirements  and 
thus  parameters  that  the  MHD  scientific  community  must 
provide.     However,   the  utility's  evaluations,  as  stated  in 
the  report,   indicate  that  the  ATS  should  use  oxygen  enrichm.ent 
The  use  of  air  preheaters  instead,  would  have  to  be  substan- 
tially justified  and  documented  to  have  them  accept  this 
mode  of  operation.     Similarly,  the  size  of  the  topping  unit 
should  be  based  on  scaling  factors  established  from  your  MHD 
test  data  and  excessive  risk  should  be  avoided.     The  utility 
philosophy  for  sizing  is  stated  on  page  9,  Appendix  I  of  the 
above  referenced  report. 

In  the  "Specification  of  Baseline  Design",  you  state  that  it 
is  critical  to  improve  overall  plant  efficiency.     I  must 
emphasize  that  this  is  not  a  criteria  of  the  utility  industry 
nor  is  it  a  requirement  of  The  Montana  Power  Company.  I 
would  like  to  quote  the  first  paragraph,  page  3,  Attachment 
I  of  the  referenced  report. 

"The  main  emiphasis  of  the  Advanced  Test  System  is  not 
to  achieve  performance  goals  expected  from  a  commercial 
facility,  but  rather  to  provide  sound  evidence  that  can 
be  used  as  a  basis  for  reliable  prediction  that  a  first 
generation  commercial  power  plant  using  the  technology 
could  be  competitive  with  conventional  electric  energy 
generating  technologies." 

Other  statements  in  the  report  elaborate  on  this  theme. 
Needless  to  say,  a  secondary  goal  would  be  to  demonstrate, 
at  as  high  an  efficiency  as  possible  within  your  confidence 
limits,  that  MHD  will  work.     A  higher  overall  plant  efficiency 
though  desirable,   is  not  required.     I,   therefore,  believe 
your  requirements  #1  and  #4  are  not  appropriate.  Requirement 
3  is  essentially  a  restatement  of  the  utility  position,  and 
requirement  2  is  in  general  agreement  w^ith  the  utility 
report.     Seed  reprocessing  was  of  concern  to  m^any  of  the 
utilities,  but  not  specified  in  the  report.     Therefore,  your 
statement  "demonstrating  some  degree  of  seed  recovery  and 
reprocessing",   is  appropriate. 


LETTER  -  ASHBY  ■ 
February  4,  1983 
Page  3 


We  are  in  agreement  with  the  bulk  of  the  rest  of  the  report, 
except  for  the  previously  discussed  air  preheaters .  Specific 
plant-related  comments  have  been  exchanged  at  our  techincal 
meetings,   so  I  will  not  repeat  them  here.     We  are  in  agreement 
with  the  concepts  as  presented  in  your  v7orking  drawing. 

If  you  have  any  questions,  please  call  me  at  723-5421, 
extension  2585. 


Very  truly  yours , 


Senior  Engineer  Specialist 


FEW/sv/E:6 


PejIdIIc  Sepvice  Corrspany 


Plant  Engineering  &  Construction 
591  Marquette  Mall  Office 
450  St.   John  Road 
Michigan  City,    IN  46360 
February  7,  1983 


Mr.   E.  W.  Ashby 

Mountain  States  Energy,  Inc. 

P.O.  Box  3662 

Butte,   Montana     59  702 

Dear  Mr.  Ashby: 

In  response  to  your  January  17,   1983,   letter  to  Mr.  H.   P.  Lyle, 
we  have  reviewed  the  "Specification  of  Baseline  Design"  and 
schematic  DOl-OlAM-016 .     We  have  no  comments  at  this  time. 

Please  keep  us  advised  of  your  progress  on  this  important  project. 


Very  truly  yours. 


William  R.  Elliott 
Manager,   Plant  Engineering 
and  Construction 


VMA:  ve 


LViH    PUBLIC  SERVICE  COMPANY  OF  NEW  MEXiC 


Mr.  E.  W.  Ashby 

Mountain  States  Energy  Inc. 

Post  Office  Box  3662  ,  '  ■ 

Butte,  MT  59T02 

Dear  Mr.  Ashby:  - 

Subject:     Reviev  of  Baseline  .  ^  .  ■  ■ 

Design  Specification 

Members  of  the  Resource  Analysis  Section  have  reviev/ed  the  information 
received  from  you  under  cover  of  your  letter  rlated  January  IT,  19o3. 
At  the  level  of  detail  contained  tdierein  we  h^ive  nc)  cotranents.  However, 
as  the  design  work  proc-eeds  we  are  very  interested  in  the  design  of  the 
air  emission  control  equipment  and  would  like  to  receive  as  much  detail 
on  this  aspect  as  possible. 

Due  to  increased  work  loads  in  other  areas,  I  have  been  unable  to  sup- 
port the  Edison  Electric  Instute  (EEl)  mi)  Task  Force.     This  has  now 
been  assigned  to  Mr.  Stephen  F.   Anderson,  Resource  Appraisal  and  Fuel 
Conversion  Group  Leader  of  the  Resource  Analysis  Section.     Plea.se  for- 
ward any  future  material  to  Mr.  Anderson. 


ALVARADO  SQUARE     ALBUQUERQUE,  NEW  MEXICO  87158 


February  P,  1983 


Sincerely , 


•oves       I  ^  f 
Supervisor,  Resource  Analysis  Section 


SFArmeg 


cc:     Mr.  S.  F.  Anderson 
-Mr.  A.  L.  Martinez, 


Commonwealth  Edison 

One  First  National  Plaza,  Chicago.  Illinois 
Address  Reply  to:  Post  Office  Box  767 
Chicago,  Illinois  60690 


February  3 .  I983 


Mr.    E.    W.  Ashby 

Mountain   States   Sriergy  Inc. 

P.O.    Box  3662 

Butte,   Montana  59702 

DearMr, Ashby: 

I  reviewed  the   information  on  the  MHD  test    system  and 
concur  V7ith   the  ^ork   done  to  date.      My  background   is   much  stronger 
in   the   areas   of  planning  and   operations   than   in   design,    and  thus 
I   do  not    feel   qualified   to  answer   your   specific    questions.  The 
general   approach    is   good   in   that    it   minimizes    the   interfaces  be- 
tween  the   existing   plant    and   the   test    system  and   t  li  e  r  e  0  y  keeps 
the  project    as    simple   as   possible.      I   feel   that   this  simplicity 
is    essential   to   a    successful  project   because   any   failure   of  the 
system,    vh  ether   or   not    it    is   related   to   the  MHD   facility,  -will 
be   attributed  to  MHD.      The   impression   created  by   a   test   of  this 
type  may   be   as    important   to   the   future   of  MHD   as   the   actual  test 


Please   let   me  know    if  you  would   like  m.e   to   expand  on 
anyofthesecomments. 


res  ult  s . 


Sincerely, 


Assistant  Vice  President 


A' 


MCGR-016-83 


February  2,  1983 


E.  W.  Ashby 

Mountain  States  Energy,  Inc. 
Post  Office  Box  3662 
Butte,  Montana  59702 

Dear  Mr.  Ashby: 

I  have  reviewed  your  Specification  of  Baseline  Design  for  the 
Advanced  Test  System  Retrofit  Study. 

I  have  no  comments  or  contributions  to  make.  Without  the  referenced 
documents,    it   is  not  possible   to  make  a  meaningful  review. 


Very   truly  yours  , 


T.   J.  McGrath 
Director 

Generating  Plant  Engineering 


TJM/bms 


Puset  Sound  Power  &  Li3hr  Company   Puser  Power  Building    Beiievue,  Wjyiington  98009    (206;  4o4-6363 


Mor\i~rA.r\j/\- DAKOTA  uTii_n  ie:s  oo. 

400  NORTH  FOURTH  STREET  -  BISMARCK,  ND  58501  -  TEL.  (701)  222-7900 

February  7 ,  1983 


Mr.   E.   W.  Ashby 

Mountain  States  Energy,  Inc. 

P.   0.   Box  3662 

Butte,   MT  59702 

Dea r  Mr .   As hby  : 

In  response  to  your  letter  to  Mr.   Kroeber  of  January  17,  we 
have  not  had  the  time  to  thoroughly  study  the  base  line 
design  and  schematic  diagram  you  sent  and  therefore  have  no 
comment  at  this  time.     Our  interest  in  the  project  continues 
and  we   request  that  you  continue  to  keep  us   informed  of  its 
progress.  Thankyou. 

Yours  truly. 

Earl    F.  Backhaus 

Power  Production  Manager 

EFB:fs 

cc:     Mr.   W.  W.   Kroeber^,   General  Office 


■J 
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January  28,  1983 


Mr.   E.  W.  Ashby 

Mountain  States  Energy,  Inc. 

P.O.    Box  36  6  2 

Butte,   Montana  59702 

Dear  Mr.  Ashby; 

GSU  appreciates  the  opportunity  to  cominent  on  the 
work  in  developing  a  conceptual  design  of  retrofitting  an 
existing  power  plant  with  an  MHD  Advanced  Test  System „ 
Although  GSU  has  no  direct  involvement  in  the   study  of  the 
MHD  power  cycle  for  electricity  generation,   we  have  experience 
in  investigating  means  by  which  advanced  technology  can  be 
integrated  with  an  existing  power  plant  unit.     Our  expertise 
is  mainly  in  retrofitting  existing  power  plants  with  coal 
gasification  systems  including  oxygen  extraction  plants. 
I  hope  that  our  comments  will  assist  your  company  in  the 
remainder  of  your  study  of  an  MHD  retrofit. 

The  primary  concern  in  integrating  a  new  cycle  with  an 
existing  one  is  in  the  area  of  controls.     The  operational 
integrity  of  both  the  new  and  existing  systems  must  be  main- 
tained.    From  the  wording  in  the   "Specification  of  Baseline 
Design"   for  the  MHD  retrofit,    it  is  obvious  that  MSE  is 
aware  of  the  problem  associated  with  integral  control  of 
all  the  components   in  the  proposed  cycle.     Although  we  have 
no  specific  comments  regarding  control  schemes^    the  most 
important  aspect  from  a  utility  viewpoint  is  to  ensure  that 
an  upset  in  either  generating  system   (the  MHD  or  existing 
cycle)    should  not  result  in  the  loss  of  both  systems. 

With  respect  to  the  amount  of  oxygen  enrichment  desired 
for  the  combustion  air  to  the  MHD  cycle,    if  possible,   no  or 
minimal  enrichment  would  be  preferred.     The   "Baseline  Design" 
indicates  that  in  order  to  minimize  the  amount  of  oxygen 
enrichment  large,   high  temperature  air  preheaters  would  be 
required  to  achieve  combustor  oxidant  temperatures  of  1800°F. 
Given  a  choice,    it  would  be  preferrable  not  to  have  an  oxygen 
extraction  plant   included  in  a  cycle  that  is  attempting  to 
prove  the  operating  feasibility  of  a  new  technology.  An 
economic  and  technical  trade-off   study  should  be  performed 
comparing  an  on-site  oxygen  plant,   purchased  oxygen  (pipeline 
or  bulk),   and  using  the  high  temperature  air  preheater. 
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A  similar  analysis  was  performed  for  a  proposed  medium  BTU 
coal  gas  facility  on  GSU ' s  system  which  indicated  that  due 
to  the  cost,   availability,   and  reliability  of  a  pipeline 
oxygen  supply  it  was  not  feasible  to  build  an  oxygen  plant. 

My  last  comjnent  relates  to  the  location  of  the  MHD  cycl 
at  the  existing  plant.     Due  to  safety  and  economic  concerns 
(e.g.     steam  line  ruptures  and  heat  loss)    it  is  recommended 
that  the  MHD  cycle  be  sited  as  close  to  the  existing  boiler 
as  possible. 

If  you  have  any  questions  or  would  like  to  discuss  thes 
comments  please  contact  me  at    (713)838-6631,    extension  2226 
or  Mac  Rogers  at    (713)838-6631,   extension  2269. 


Sincerely , 


Ro^  J.  West 

Manager,    Special  Programs 


MBR/daw 


cc:      MHD  file 


^  Allegheny  fmm  System 

Buik  Power  Suppiy 
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Mr.   E.  W.  Ashby 

Mountain  States  Energy,  Inc. 

P.  0.  Box  3662 

Butte,  MT  59702 

Dear  Mr .  Ashby : 

This  is  in  reply  to  your  letter  of  January  27,   1983,  requesting 
comments  on  the  MKD  Advanced  Test  System  project.     We  are  not  familiar 
enough  with  MHD  technology  to  offer  meaningful  comjiients  on  the  "Specification 
of  Baseline  Design"  and  the  Corette  Retrofit  Schematic  Drawing  D01-01i\M-U16 . 

However,  as  you  may  know,  Allegheny  Power  System  was  the  host 
utility  for  the  Rivesville  Atmospheric  Fluidized  Bed  Combustion   (FBC)  30  MWp 
demonstration  unit.     While  this  project  had  a  number  of  problems,   it  did 
accomplish  its  stated  purpose — it  generated  electric  power  with  a  FBC  boiler. 
The  experiences  from  Rivesville  provided  valuable  information  which  has  been 
incorporated  in  the  TVA  20  ^^W  pilot  plant  at  Paducah,  Kentucky.  Interestingly 
enough,  most  of  the  problems  at  Paducah  have  been  with  conventional  pulverized 
coal-fired  power  plant  type  equipment  such  as  fan  bearings,  pump  seals,  etc. 

The  following  general  coimnents  are  based  largely  on  our  experience 
as  a  host  utility  at  Rivesville: 

1.  Many  of  the  problems  at  Rivesville  were  the  result  of 
the  scaling    factor.     The  boiler  design  was  extrapolated 
from  a  laboratory  bench  model  to  a  30  MW  uni.t. 

2.  The  Rivesville  FBC  boiler  was  fitted  into  an  existing 
boiler  space  in  an  existing  plant.     This  severely  limited 
the  flexibility  that  could  be  built  into  it.     I  would 
recommend  a  stand-alone  unit  with  ample  provision  for 
instrumentation,   testing,   and  trying  of  alternate  schem.es. 

3.  The  Rivesville  FBC  boiler  produced  steam  for  use  in  an 
existing  turbine  generator.     There  were  long  periods  of 
time  when  the  FBC  boiler  generated  steam  was  of  insufficient 
pressure,   temperature,  or  quantity  to  be  used  in  the  plant 
turbine  and  had  to  be  vented.     The  result  was  make-up 
problems  for  both,  the  plant  and  the  FBC  boiler. 
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4.     The  20  MW  FBC  pilot  plant  at  Paducah  will  not  generate 
any  power  because  the  anticipated  capacity  factor 
(allowing  for  the  test  program  needs)  did  not  justify 
the  cost  of  a  turbine.     Instead  they  are  condensing  the 
steam  they  generate.     I  would  suggest  that  if  a  pilot 
plant  is  built  and  operated  prior  to  construction  of  the 
Corette  retrofit,   the  steam  be  either  condensed  or  used 
in  an  existing  standby  turbine  of  appropriate  size  v;hich 
could  be  powered  solely  by  the  MHD  generated  steam. 

I  believe  many  of   the  lessons  learned  at  Rivesville  could  be  applied 
to  the  development  of  any  advanced  generating  technology  and  are  not  restricted 
to  EEC  or  MHD.     I  hope  these  comments  will  be  helpful. 

We  would  appreciate  it  if  you  could  send  us  any  information  you  may 
have  on  the  current  status  of  MHD  development. 

If  you  have  any  additional  questions  on  the  Rivesville  FBC  project 
and  associated  problems,   please  contact  R.   L.   Ballentine,   Senior  Engineer, 
Generation  Planning,  Phone   (412)  838-6545. 

■    ■  ,  Very  truly  yours. 


Homer  T.  McCarthy 
Direc  tor 

Generation  Planning 


cc:     Mr.   R.   L.  Ballentine 


Southern  California  Edison  Company  C : 
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2244WALNiJTGrtOVEAVE?gi)E 
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Mr.  J.  M.   Sherick,  Vice  President 
Mountain  States  Energy,  Inc. 
P.  0.  Box  3662 
Butte,  Montana  59702 

Dear  Jack:  .  . 

Subject:     DNRC  Retrofit  Project 

I  discussed  the  plant  selection  and  flow  sheet  with 
Gary  Staats  yesterday,   and  at  his  suggestion  I  am  sending  my 
comments  on  to  you. 

Basically  Jack,   the  Corette^  Plant  is  too  bi.s;.  I 
have  the  impression  that  the  plan  is  to  run  the  MHD  portion 
(at  about  257.  of  the  total  existing  unit  steam  flow)  in 
parallel  with  the  existing  boiler.     The  two  steam  geneiators 
will  not  be  identical  but  must  balance  main  steam  and  reheat 
steam  flow  in  the  proper  ratio.     My  opinion  is  that'  this  is 
impossible  without  a  very  complex  and  expensive  computer 
controlled  steam  flow  system.     This,  I  submit,   is  not  the 
goal  of  the  project;   the  goal  is  to  demonstrate  MHD  not 
fancy  steam  flow  systems. 

This  retrofit  will  only  succeed  on  this  plant  if 
it  is  operated  on  MHD  steam  only,  at  whatever  partial  mrbine 
output  results. 

There  are  some  requirements  in  the  "Retrofit  Design 
Options"  under  the  combustor  heading  "heat  losses:  A-5%  for 
reasonable  overall  efficiency."  .  Specific  efficiencies  are 
also  spelled  out  for  the  channel  and  heat  recovery  seed 

recovery  unit.     I  had  hoped  that  the  role  of  efficiency  in  

the  first  demonstration  unit  had  been  clearly  understood  by  , 
now.     But  I  will  repeat  it  nevertheless  -  efficiency  is  not  / 
the  goal  and  there  is  no  basis  for  preselecting  component  / 
efficiencies.     As  long  as  the  existing  plant  efficiency  is  | 
approached,   the  only  valid  goal  is  to  make  the  plant  work  1  I 

There  was  mention  of  separately  fired  air  heaters 
in  the  "Retrofit  Design  Options,"  but  I  was  glad  not  to  see 
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any  on  the  flov  sheet  Gary  left  me.  is  being  touted  as 

being  environnien tally  acceptable.     If  true,  then  any  separately 
fired  heaters  would  have  to  include  appropriate  clean-up,  and 
the  result  is  an  even  larger  and  core  complicated  plant.  For 
this  first  plant,  an  air  separation  unit  is  the  way  to  go. 

Gary  and  I  talked  about  seed  recovery,  and  there 
seems  to  be  some  consideration  for  using  non-regenerated  seed. 
1  hope  this  gets  thoroughly  thought  through  before  any 
decisions  are  made.     Remember  the  goal  -  the  plant  must  work. 
It  seems  to  me,   therefore,  that  the  first  plant  should  use 
Potassium  Carbonate  as  seed,   collect  the  spent  seed  and 
demonstrate  or  solve  the  regeneration  process  separately. 
Anything  else  is  unproven  and  jeopardizes  the  achievement 
of  the  goal. 

I  cannot  emphasize  the  goal  enough.     If  the  plant 
fails,   or  even  sputters,  because  of  complex  steam  flow  control 
systems,  or  other  non-MHD  reasons,  MHD  will  be  seen  as  a 
failure-     The  f under s  of  the  program  are  not  technical  people 
and  will  not  make  any  MHD/non-MHD  distinction.     The  program 
at  this  point  is  too  fragile  to  have  anything  other  than  an 
MKD  plant  that  works ! 

I  hope  these  comments  will  cause  some  redirection 
in  the  project.     My  intent  is  only  to  maximize  the  probability 
of  success;   and  if  there  is  anything  I  can  do  along  'this  line 
to  help,  please  do  not  hesitate  to  call  me. 

Sincerely  yours , 


James  W.  Griswold 


cc:     Fred  Walter,  Montana  Pov/er  Co. 
J.  D.  Leeper 


Southern  California  Edison  Company 


P    O    BOX  BOO 
2244  WAU^4UT  GROVE  AVENUE 
ROSEMEAD.  CALIFORNIA  91770 

January  26,  1983 


Mr.   E.  W.  Ashby 
Mountain  State  Energy 
P.   0.   Box  3662 
Butte,  Montana  59702 

Dear  Mr.  Ashby: 

This   letter  is  in  response  to  your  request  of 
January  17,    1983  for  comments  on  the  MHD  Retrofit  Schematic 
and  Baseline  Specification.     I  had  a  discussion  vzith 
Gary  Staats  on  the  plant  selection  and  the  schematic  on 
-January  13.     As  a  result  I  sent  some  general  comments  to 
Jack  Sherick,  and  I  have  enclosed  a  copy  of  that  letter  for 
your  use.     The  following  is  mainly  directed  to  the  Baseline 
Specification . 

The  second  paragraph  of  the  introduction  states 
"achieving  the  improved. .. efficiencies .. .which  are  attainable 
from  MHD."     This  then  leads  to  the  first  specification 
requirement  of  17-20%  enthalpy  extraction  by  the  channel. 
I  would  like  to  refer  you  to  your  Ref.    2   (Montana  DNRC 
Project),  Appendix  1,  page  3,   and  also  my  letter  to  Jack. 
I  cannot  emphasize  too  strongly  that  efficiency  is  not  the 
goal,   and  the  DNRC  report   (your  Ref.    2)   echoes  that. 
Further,   there  is  no  implication  in  that  report  that  a 
specific  channel  enthalpy  is  desired,  but  it  seems  to  m.e 
that  the  Baseline  Specification  implies  that  there  is. 
See  also  Appendix  1,  page  5,   for  the  efficiency  requirements. 

The  second  requirement  includes  "...demonstrating 
some  degree  of  seed ...  reprocessing . "     There  is  also  a 
mysterious  box  on  the  schematic  called  "seed  processor." 
■  1  don't  know  what  all  this  means,   but  it's  my  opinion  that 
the  ATS  be  as  simple  as  possible   (see  your  Ref.   2,  Appendix  1, 
page  7)  and  that   the  seed  be  Potassium  Carbonate  and  any 
reprocessing  be  done  separately.     The  ATS  is  not  the  place 
to  try  new  or  untried  approaches. 

The  third  requirement  is  a  proper  statement  of  the 
goal  of  the  ATS.     I  feel,  hov/ever ,   that  the  other  parts  of 
the  specification  are  not  in  keeping  with  that  goal.  The 
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fourth  requirement  "same  or  greater  overall  plant  efficiency" 
is  also  a  realistic  goal;  but  earlier  statements  in  the 
specification  contradict  this  goal. 

In  order  to  meet  the  Performance  Requirements,  it 
is  not  necessary  to  compromise  the  design  of  the  MHD  unit, 
nor,   if  the  plant  to  be  retrofitted  is  properly  selected  and/or 
operated,   is  one  "...forced  to  fire  the  existing  boiler...." 
In  fact,   I  do  not  believe  it  is  possible  to  fire  two  different 
steam  generators  in  parallel  vzithout  a  complicated  control 
system.     Such  a  system,   although  feasible,   is  not  in  keeping 
with  the  project  goals. 

The  specification  statement  "...the  required  scale- 
up  of  MHD  components  v/ould  be  too  large..."  cuts  off  what  I 
think  is  a  valuable  discussion.     I  don't  feel  the  scale-up 
issue  should  be  closed  without  a  thorough  evaluation. 

I  cannot  let  the  discussion  in  the  specification 
about  the  size  of  the  Corette  plant,  base  loading,  and  switch 
over  pass  without  again  taking  issue  with  the  concept  of 
parallel  operation.     The  need  for  parallel  operation  because 
the  plant  is  base  loaded  and  any  switch  over  must  be  minimized 
is  a  good  argument  against  the  plant  selected.     Any  demon- 
stration of  new  developing  technology  is  bound  to  have 
unscheduled  shutdowns  and  these  shutdowns  will  undoubtably 
reduce  the  availability  of  the  bottoming  plant.     If  the 
availability  of  Corette  is  basic  to  Montana's  power  system 
operation,   then  a  less  sensitive  site  should  be  found  for  the 
ATS. 

The  oxygen  enrichment-air  heater  approaches  need  to 
be  evaluated  in  terms  of  project  goals  and  MHD  acceptability. 
My  opinion  remains  that  oxygen  enrichment  is  the  best  approach 
for  the  ATS;  not  only  does  it  allow  more  operating  flexibility, 
but  eliminates  emission  clean-up  on  a  fired  air  heater  that  is 
already  large  and  complicated. 

As  you  can  see  I  have  some  strong  opinions  on  some 
aspects  of  the  ATS  and  retrofits  in  general,  but  I  like  to 
think  that  some  of  them  result  from  insights  gained  from  our 
work  at  SCE.     I  am  more  than  ready  to  discuss  any  of  my 
comments  with  MSE  at  any  time.     It  is  vital  to  the  continued 
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MHD  development  and  commercialization  that  the  ATS  be  success- 
ful,  and  I  will  do  whatever  1  can  to  increase  the  chances 
for  that  success. 

Sincerely,  / 
'J^ames  \} .  Grisv7old 


Enclosure 


cc:     Fred  Walter  -  Montana  Power  Co. 
John  Leeper 
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SUBJECT:       Advanced  Test  System 

Corette  Retrofit  Schematic 


Mr.  E.  W.  Ashby 
MOUNTAIN  STATES  ENERGY  INC. 
Post  Office  Box  3662 
Butte,  MONTANA  59702 

Dear  Mr .  Ashby ; 

I  have  reviewed  the  schematic  and  specification  forv/arded 
with  your  letter  of  January  17,   1983,     Your  constraints  are 
well  defined,  and  the  design  appears  to  be  an  absolutely 
superb  responsive  to  these  constraints.     The  following  are 
some  suggestions  that  you  might  consider  on  the  order  of 
tweaking  a  good  design  concept: 

1.  Combustor  cooling  is  shown  via  a  cooling  system.  It 
might  be  possible  to  circulate  water  from  the  lower 
drum  in  the  radiant  furnace  to  the  combustor  and  back 
to  the  top  drum.     The  two-phase  flow  could  go  directly 
to  the  drum,  or  it  might  be  advantageous  to  use  a  flash 
tank  after  the  combustor,  with  separate  water  and  steam 
lines  to  the  top  drum.     In  any  event,   for  a  small  addi- 
tion in  capital  equipment,   it  might  be  possible  to  recover 
one  of  the  major  heat  losses  from  the  MHD  addition. 

2.  The  heater  for  the  secondary  air  appears  to  be  in  parallel 
with  the  economizer  section.   It  might  be  possible  to 
locate  this  heater  in  series  with  the  economizer,  which 
could  result  in  a  simpler  design.     The  feedwater  for 

the  HRSR  is  taken  from  the  discharge  heater  No .  5 .  It 
may  be  possible  to  take  the  HRSR  boiler  feedwater  directly 
after  the  boiler  feedwater  pump.     The  lower  temperature 
of  water  going  into  the  economizer  section  could  result 
in  an  increase  in  overall  retrofit  efficiency.     The  speci- 
fication did  not  state  an  MHD  channel  or  combustor  size 
and,  assuming  a  relatively  small  MHD  channel  as  compared 
to  the  overall  plant  size,   it  is  quite  probable  that  the 
suggested  change  with  resulting  reduction  in  extraction 
steam  flow  would  be  acceptable  for  the  turbine. 

3.  Flue  gas  for  coal  drying  is  extracted  ahead  of  the  ESP 
with  a  discharge  directly  to  the  stack.     It  is  not  clear 
what  will  become  of  the  seed  and  ash  couLained  in  the 
flue  gas. 
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The  air  separation  unit  will  have  considerable  waste 
nitrogen  at  a  relatively  low  temperature,  and  the  compressor 
discharge  x^lll  require  cooling.     You  may  wish  to  consider 
using  the  waste  nitrogen  to  cool  the  com.pressed  air 
with  the  resulting  hot  nitrogen  used  for  coal  drying 
or  seed  reprocessing  drying.     Also,  some  recent  studies 
associated  with  the  Advanced  Power  Train  indicate  that 
the  drying  of  coal  is  much  more  difficult  than  had  been 
previously  thought,  and  that  it  may  be  necessary  to  pre- 
dry  the  coal  before  drying  in  the  pulverizers. 

A.     Flow  control  valves  are  shown  for  both  the  main  steam 
and  reheat  lines.     You  may  find  it  possible  to  design 
the  recovery  boiler  so  that  flow  control  is  not  required 
on  the  main  steam  but  only  required  on  the  reheat.  One 
concern  would  be  the  start-up  of  the  heat  recovery  boiler 
with  the  Corette  steam  generator  at  full  conditions. 
You  will  probably  find  it  necessary  to  have  a  by-pass 
from  the  HRSR  main  steam  line  to  the  cold  reheat  line, 
and  from  the  hot  reheat  line  to  the  condenser  with 
appropriate  sprays  for  temperature  and  saturation  control. 
This  will  allow  the  MHD  unit  to  be  started  and  the  HRSR 
brought  up  to  temperature  and  pressure  so  that  the  steam 
can  be  fed  into  the  Corette  steam  line. 

I  would  like  to  repeat  that  the  retrofit  schematic  represents 
a  design  that  appears  to  make  more  sense  tlian  anything  I 
have  previously  seen  wherein  the  intent  is  to  demonstrate 
the  operability  of  an  MHD  flow  train  consisting  of  combustor 
channel  and  HRSR.     This  approach  makes  far  more  sense  than 
an  attempt  to  fund,  design  or  construct  a  complete  MHD  poxxrer 
plant.     I  would  like  to  wish  you  luck  with  the  project,  and 
will  appreciate  the  opportunity  to  be  kept  informed.  Also, 
MAIN  will  be  pleased  to  review  and  comment  on  any  aspect  of 
the  project  wherein  you  believe  we  might  be  helpful. 


Very  truly  yours, 


CHAS.  T.  MAIN,  INC. 


Chief  Mechanical  Engineer 
Thermal  Power  Division 


JHN: cas 


CHA.S.  T,  iWAIiV,  INC. 

PRUDENTIAL  CENTER.  BOSTON,  MASSACHUSETTS  02199  •  TELEPHONE  S17  262  3200 


February  7,   1983  '  ' 

SUBJECT:       Advanced  Test  SysCem 

Corette  Retrofit  Schematic 

Mr.  E.  W,  Ashby 
MOUNTAIN  STATES  ENERGY  INC. 
Post  Office  Box  3662 
.  Butte,  MONTANA  59702 

Dear  Mr .  Ashby : 

The  following  is  a  supplement  to  my  January  25,  1983  letter 
concerning  the  subject  MID  Advanced  Test  System. 

In  your  letter  of  January  17,   1983,  you  asked  several  questions 
regarding  the  recommended  oxygen  enrichment,  preheat,  and 
size  of  the  topping  unit.     The  following  is  in  response  to 
these  questions. 

Our  studies  on  a  200,   500  and  1000  MvJe  station  indicate  that 

an  oxygen  enrichment  of  approximately  32%  by  volume  (coupled 

with  a  preheat  of  about  1200"-'F)  yields  the  lowest  overall 

cost  of  electricity.     The  1200°F  preheat  represents  a  practical 

upper  limit  for  preheat  which  uses  the  HRSR  as  the  source 

of  energy.     We  were  involved  in  a  rather  lengthy  review  of 

separately  fired  preheaters.     However,  the  technology  does 

not  exist  for  a  coal  fired  preheater,  and  it  would  be  necessary 

to  use  either  gas  or  oil.     The  concept  of  oil  or  gas  fired 

preheating  is  inconsistent  xvith  the  objective  of  a  100%  coal 

fired  MUD  unit.     While  a  combustor  enrichment  of  about  32% 

is  specified,   the  oxygen  percent  can  be  varied  slightly  up 

or  doxm  to  obtain  the  desired  entrance  gas  temperature  to 

the  MHD  channel . 

NASA  has  recently  completed  some  studies  that  indicate  that 
for  conventional  air  separation  units  (ASU)  an  enrichment  of 
about  70%  (by  volume)   results  in  a  minimum  cost  ASU.     The  70% 
oxygen  produced  from  the  ASU  x^/ould  then  be  mixed  with  normal 
air  to  obtain  the  (32%  oxygen)  oxidant. 

Reference  Number  4  of  your  letter  describes  an  ASU  system 

called  the  internal  compression  process.  Recent  information  '  , 
from  the  author  of  this  paper  indicates  that  this  new  process  i 
costs  about  the  same  as  the  optimised  conventional  process.  i 
Since  there  is  a  significant  savings  in  energy  with  the  internal  ^ 
compression  design,  we  suggest  this  process  be  considered  in  j 
more  detail  for  your  ATS.  \ 

I 
i 

NEW  YORK,  NEW  YORK  •  BOSTON.  MASSACHUSETTS  •  CHARLOTTE.  NORTH  CAROLINA  •  DENVER,  COLOR  ADO  •  PORTLAND,  OREGON  ' 


We  concur  with  the  anticipated  design  parameters  (supersonic 
channel  operating  at  about  4.5  Tesla)  for  the  ATS.  Our  most 
recent  study  indicates  that  although  less  efficient  than  the 
subsonic  channel  operating  at  6  Tesla,  for  a  small  channel, 
the  cost  of  electricity  produced  by  the  supersonic  design  is 
essentially  the  same  and,  what  is  far  more  important,  there 
would  be  less  risk  involved. 

It  would  be  our  opinion  that  a  combustor  size  of  no  smaller 
than  50  MW  thermal  and  no  larger  than  100  m  thermal  would 
be  most  suitable  for  the  proposed  ATS.     This  size  range  would 
have  a  number  of  advantages  in  that  the  extrapolation  from 
present  combustor  work  would  be  relatively  modest.     If  you 
chose  the  100  MW  size,  then  the  extrapolation  to  a  combustor 
for  use  with  (approximately)  a  100  ^f,•7e  turbine  retrofit  would 
be  reasonable.     Also,   since  the  MHD  flow  train  will  be  a  test 
system,   if  the  size  is  relatively  sm.all  compared  to  the  Corette 
boiler,   then  the  boiler  will  provide  steam  stability  and  perturba 
tions  within  the  MHD  system  would  not  result  in  unacceptable 
changes  in  steam  flow  to  the  turbine.     A  100  Ml-J  thermal  combustor 
would  support  a  MHD  channel  of  about  15  Ml^e  and  would  provide 
additional  steam  of  about  25  MWe  for  the  Corette  turbine.  The 
successful  operation  of  a  MHD  flow  train  of  this  size  should 
demonstrate  the  viability  of  the  concept  and  provide  sufficient 
information  for  scale-up  for  a  full-sized  retrofit. 

As  previously  discussed,  we  are  quite  interested  in  receiving 
a  copy  of  your  study  on  seed  reprocessing  indicating  a  potential 
commercial  market  for  a  modest  quantity  of  potassium  sulfate. 

Again,  I  would  like  to  wish  you  luck  with  the  project,  and  vjill 

appreciate  the  opportunity  to  be  kept  informed.     Also,  MAIN 

will  be  pleased  to  review  and  comment  on  any  aspect  of  the 
project  wherein  you  believe  we  might  be  helpful. 


Very  trul^^  yours. 


CHAS.  T. 


MAIN,  INC 


JHN/ACP:Gas 


'j.  H.  Noble 

Chief  Mechanical  Engineer 
Thermal  Power  Division 


 1 

J 

SHEET:       ^  OF   1 


Post  Office  Box  3767  DATE:  1-31-83 

Butte,  Montana  59702 

TIME: 


RECORD  Of  TELEPHONE  CONVERSATION 


FROM:    G.   L.  Nelson  PARTY  CALLED:   p-j^^  y^^^  ^ 

TITLE:  TITLE: 


Mountain  States  Energy  company:  ^^CO  Everett 


TOPICS  OF  CONVERSATION: 

Mr.  Hals  called  to  discuss  his  comments  on  the  DNRC  Milestone  2  document 
which  had  been  sent  to  him  about  ten  days  previously.    His  remarks  are 
listed  below. 

1.  The  enthalpy  extraction  of  17-20%,  which  was  specified  in  the  report, 
cannot  be  achieved.    This  requirement  should  be  relaxed  to  12-14%. 

2.  The  choice  of  using  a  supersonic  generator  with  a  4.5T  peak  magnetic 
field  is  a  very  good  one.    He  was  quite  emphatic  in  saying  that  we 
should  stay  away  from  supersonic  channels. 

3.  The  plant  schematic  which  was  included  as  one  of  the  Milestone  2 
documents  should  be  modified  to  show  a  separate  cooling  loop  for 
the  generator.    A  separate  cooling  loop  for  the  combustor  may  also 
be  necessary.    One  should  attempt  to  recoup  as  much  of  the  MHD  wall 
losses  as  possible  through  a  wel 1 -designed  cooling  system,  otherwise 
plant  efficiency  will  suffer.    It  may  be  a  good  idea  to  use  an  external 
heat  exchanger  to  recover  the  heat  from  the  generator  and  combustor. 

4.  The  oxidant  preheat  temperature  should  be  no  higher  than  1200°F.  This 
is  a  critical  point.    Specifying  a  preheat  temperature  higher  than 
1Z00°F  will  greatly  complicate  the  task  of  building  the  preheaters, 
and  will  run  up  the  costs.    Even  if  you  could  preheat  up  to  ISOO'^^F, 

an  air  separation  unit  would  still  be  necessary,  and  if  the  air 
heaters  didn't  work  as  designed,  the  whole  retrofit  project  would  be 
in  jeopardy. 

5.  We  should  look  in  some  detail  at  the  question  of  motor  drives  vs.  electric 
drives  for  the  ASU  compressor  and  the  blend  air  compressor.  (Johnson 

and  Rudberg  are  (joing  this).    One  point  to  keep  in  mind  is  that  the 


MHD  generator  cannot  respond  to  increased  load  until  the  compressors 
are  up  to  speed,  and  this  may  agrue  in  favor  of  electric  drives. 

6.  It  will  probably  be  necessary  to  do  some  superheating  in  the  radiant 
section  of  the  heat  recovery  system. 

7.  Do  not  sacrifice  reliability  for  efficiency. 

8.  The  level  of  oxygen  enrichment  should  be  set  at  32-33  mole  pet. 


Comments  on  "Specification  of  Baseline  Design" 


Corette  station  choice  OK 

Define  enthalpy  extraction  -  item  1.    Better  to  use  ratio  of  to 

make  P^.^no/Ptn  -  0-20 

Item  2  -  Demonstrate  that  "one  or  more"  of  the  HR/5R  concepts    is  valid. 

demotis trate  adequate  degree  of  seed  recovery. 
Item  4  -  Demonstrate  achievement  of  "greater"  overall  plant  efficiency. 

In  the  following  paragraph  discussion  is  given  of  limitation  of  the 
hybrid  plant.    One  should  note  that  this  is  a  "Test  Systeni"  not 
an  MHD/steam  power  plant. 
P.  4,  middle  paragraph  -  Another  good  reason  for  use  of  electric  compressor 
drives  is  that  in  start-up  and  operation  of  the  plant  is  facilitated. 
This  is  particularly  important  in  a  very  new  installation. 
Lower  paragraph  -  Better  avoid  concept  of  heat  recovery/seed 
recovery  unit.    Better  to  assign  these  functions  to  separate 
individual  components.  .  ■'  ■      '-  ■ 

P.  5       With  1100-1300°F  preheat  we  do  not  need  30-34?/.  02/wt  unless 
exceptionally  high  combustor  temperatures  are  needed.     If  we 
accept  T3  =  2700K  then  much  less  O2  is  needed.    The  air  preheaterx 
suggested  (by  the  writer)  are  not  of  nearly  such  high  temperature 
as  those  previously  considered  as  alternates  to  O2  enrichment  -  namely 
1644K. 

Middle  paragraph  -  only  partial  seed  recovery  will  occur  in  the 
convective  section.    Balance  will  take  place  in  ESP  or  bag-house. 
There  may  not  be  a  match  between  time  req.  for  NO^  decomp  and  time 
of  residence  in  the  radiant  section. 

Bottom  -  It  is  a  great  mistake  not  to  use  the  SO  magnet.    Why  don't 
we  advocate  the  job  -  that  really  needs  to  be  done.    Even  with  a 


■  conventional  mag.  of  4  to  4.5  tesla  we  should  not  propose  supersonT 
,     •        flow.    Better  say  nothing,  or  else  say  subsonic.    The  plan  shows 

an  S.C.  magnet. 
In  general  this  is  a  good  write-up. 


S.  Way 

,  •    :  :         ;  2-3-83 

Comments  Regarding  the  ATS 

Oxygen  ^errrichment  and  air  preheat 

Although  a  system  could  be  used  with  no  O2  enrichment  and  1300K  air  preheat 
there  would  be  some  problems  in  development  of  the  preheater.    These  problems 
would  net  be  serious,  but  nevertheless  would  present  an  obstacle.    A  study 
was  made  by  the  writer  (reported  separately)  with  0^  enrichment  to  the 
extent  of  O.i  mode  O2  per  m.ode  of  dry  air.     In  this  case  2700K  flame 
temperature  is  realized  with  1100°F  (867K)  air  preheat.    This  would  be  a 
bettor  compromise  than  using  the  much  higher  O2  enrichment  suggested  in  • 
the  NASA  study.     (Parametric  Study  of  Early  Commercial  MHD/Steam  Power 
Plants).    The  wricer  would  like  to  emphasize,  however,  that  eventually  we 
shall  be  wanting  to  build  MHD  plants  with  less  02enrichment ,  or  none  at 
all,  and  that  hence  attention  should  be  given  to  making  the  ATS  capable 
of  that  m.ode  of  operation.     I  would  therefore  recommend  that  (a)  the  air 
heater  be  designed  for  preheating  air  to  1300K,  (b)  the  combustor  be  designed 
for  air/coal  combustion  and  400  MW^^,  (c)  the  generation  then'  be  run 
alternatively  at  400  MWth  without  O2  enrichment  or  at  500  MW^^  with  O2 
enrichment.    The  same  generator  channel  would  suffice  for  both.  One 
could  also  operate  at  intermediate  points,  e.g.,  450  MW^j^  and  5%  O2 
addition. 

Criteria  for  size  of  the  ATS 

These  criteria  include  (a)  realistic  assessment  of  problems,  (b)  avoidance 
of  too  large  a  scale  up  from  the  CDIF,  (c)  avoidance  of  too  large  a  scale-up 
from  ATS  to  a  first  commercial  plant.    The  ATS  should  therefore  fall  between 
the  coinmer'cial  plant  and  the  CDIF,  with  greater  emphasis  on  matching  the 
commercial  plant.    A  good  commercial  plant  can  be  conceived  at  500  MWj-^. 
The  CDIF  is  50  MW^^.    Therefore  the  level  proposed  of  250  MWt^  for  the  ATS 


seems  a  good  one.  This  is  a  2.24  L  scale-up  from'  the  CDIF,  and  it  would 
enable  us  to  pin-point  most  problems  of  the  MHD/steam  plant. 


Plant  cont:rol  labil  i  ty 

Controlled  quantities  are  air  flow,  O2  flow,  fuel  flow,  B-field,  seed 
level  and  electrical  load.    A  special  study  must  be  made  of  start-up, 
shut-down,  load  change  and  emergency  conditions.     In  general  it  may  be 
said  that  start-up  would  be  by  orderly,  coordinated  increase  of  flows 
and  electrical  loading,  with  (probably)  design  B-fieid  and  seed  fraction. 
In  this  way  a  design  operating  condition  is  gradually  approached  and  realized. 
Sensors  must  be  provided  for  not  only  quaiitities  to  be  controlled  but 
also  quantities  to  be  observed,  in  evaluation  of  performance  and  analysis 
of  test  data.     Controllers,  linked  to  the  sensors,  and  having  the  function 
of  matching  operating  parameters  to  setpoints  must  be  provided.  During 
start-up,  load-change,  etc.,  the  setpoints  for  the  various  flows,  etc. 
must  be  advanced.    Rather  than  do  this  manually  (by  agreement  and  coordination 
in  the  control  room)  it  should  best  be  done  automatically  according  to  a 
predetermined  program,  and  means  of  sequential  control  to  advance,  or  change 
the  setpoints.    Hui;ian  intervention  than  would  occur  only  to  modify  or 
change  this  program. 

In  general,  there  are  two  types  of  instrumentation;  control  system  instru- 
mentation, and  data  collection  instrumentation.    Test  monitoring  instrumentation 
is  a  part  of  the  latter.  .  .      ^  •  ' 

Much  greater  emphasis  should  be  placed  Ofi  data  acquisition  than  is  the  case 
in  the  present  CDIF. 


A  well  designed  MHD  system  should  have  no  problems  of  "hunting",  instabili 
fluctuating  temperature  excursions  and  similar  phenomena.  Avoidance  of  th 
occurrences  require  careful  system  design.  Design  reviews  should  focus  on 
these  possible  trouble  sources. 


ELECTRIC    POWER    RESEARCH  INSTITUTE 


February  21,  1983 


Mr.  E.  W.  Ashby  ..  '  ' 

Mountain  States  Energy,  Inc. 

P.O.  Box  3662 

Butte.  Montana  59702 

Dear  Mr.  Ashby: 

Your  "letter  of  January  17th  with  the  attached  schematic  and  specification 
has  been  review  and  conuTients  are  as  fono'ws-: 

The  specification  addresses  trade-off  between  oxygen  enrichment 
-    and  the  amoynt  of  air  preheat  optimum  for  a  retrofit  cycle  such 
as  yoii  propose.    Probably  we  should  not  plan  through  this  first 
generation  of  WD  plants  any  more  advanced  components  than  are 
absolutely  necessary.    In  terms  of  your  question,  we  should  build 
an  oxygen-enrichment  plant  to  satisfy  the  required  heat  balance 
of  the  cycle,  and  not  do  any  more  air  preheating  than  one  can 
purchase  "off  the  shelf"  heat  exchangers  to  perform. 

Historically,  when  the  utility  industry  has  faced  the  dilemma 
of  how  large  to  build  a  first-generation  advanced  technology, 
the  question  is  answered  by  the  manufacturers  involved  in  the 
components  the  plant  will  require.    One  of  the  components  or 
products  in  the  MHD  plant  which  are  not  now  available  for  pur- 
chase will  probably  limit  the  size  of  such  a  plant.    I  suggest 
you  contact  possibly  manufacturers  of  the  various  new  products 
required  in  the  plant  and  find  out  how  large  a  component  they 
could  build  based  on  presently  developed  technology. 

You  indicate  there  is  a  question  of  plant  controlabil i ty  and 
indeed,  there  probably  is.    My  suggestion  is  that  you  only  show 
a  master  controller  for  the  channel  and  seed  regeneration  func- 
rion,  with  an  overall  plant  data  and  evaluation  computer.  The 
exact  functions  of  the  controller  can  only  be  determined  when  the 
major  equipment  in  the  plant  is  designed  and  tests  have  been  run 
at  the  various  laboratories  to  establish  the  most  promising  modes 
of  control.    Historically,  control  systems  are  the  last  thing  in 
the  powerplant  to  be  designed. 


Headquarters-  3412  Hillview  Avenue,  Post  Office  Box  10412.  Palo  Alto,  CA  94303  [415)  855-2000 
Washington  Office:  1800  Massachusetts  Avenue.  NW.  Suite  700.  Washington.  DC  20036  [202]  872-9222 
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Mr.  E.  W.  Ashby 
February  21 ,  1983 
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The  thoughts  represented  here  are  superficial  suggestions  based  on 
our  general  experience  in  other  advanced  technology  types  of  plants. 
They  do  not  represent  any  depth  of  engineering  work  that  has  been  per- 
formed on  an  MHD  retrofit  plant  design. 

Very  -  truTy)  your;s ,  j  ^  j'] 


A":  C.  Do  1  bee 
Manager 

Power  Generation 


ACD:tco 


cc:    L.  Angello,  EPRI 

F.  Walter,  Montana  Power  Company 


February  10,  1985 


Gordon  Nelson,  Mountain  States  Energy 

Roy  M.   Johnson,  Ph,D'^rand^/ 

Donald  A.  Rudberg,  PhlS)  fi^'^KE, ,  Consultants 

Notes  on  the  MHD  Retrof  i  t  Rev ! ew  of  the  Correte 
Stec.m/E  i  ectr  ic  Po'.ver  Plant 


Q^nerg I  Remarks  About  the  Re'^'rof  i  t  Rev  lew  and  the  Plant  •  '  . 

Because  no  dynaniic  slm'jlaticn  of  a  coiTibined  plant  with  either  a 
supersonic  channel  or  the  proposed  steam  generation  systen  has  been  done, 
subsequenr  comnr.enrs  are  based  on  extrapolation  of  experience  with  simuiaTea 
operation  and  control  of  plants  having  subsonic  channels,  in  which  a  single 
HRSR  provices  ail  steam.  Although  well-considered  engineering  estimates 
have  been  made,  complete  hear  and  mass  balances  have  not  been  calculated, 
so  That  some  variation  from  quoted  values  of  heat  anu  mass  can  be  expected. 

According  to  MPC  documents,  full-load  firing  of  the  Corette  plant  is 
22.04  Kg/sec  (174,897  Ib/hr)  of  Montana  Rosebud  coal,  with  23.5  percent 
moisture,  and  thermal  content  of  20.884  MJ/Kg  (8980  BTU/lb),  for  a  total  of 
460.2  MWt  coal  input.  At  rated  steam  conditions  of  1 2. 41 MPa/867K/667K 
( 1800psi/1000F/1000F),  the  expected  performance  is  163.0  MWe  at  a  heat  rate 
of  8051  BTU/kw-hr  for  the  turbine-generator  unit.  According  to  experienced 
operators,  if  sufficient  boiler  and  airflow  capacity  were  available,  the 
turbine-generator  will  provide  electrical  output  of  173  MWe  (192,000  KVA  at 
.90  power  factor). 

During  iMHD  firing  with  the  initial  configuration,  the  heat  rate  will 
change  little  because  the  turbine-generator  will  be  operating  at  full-load. 
A  thernial  input  to  the  existing  furnace  of  sligntly  over  half  of  full- load 
values  (to  accomodate  off-design  heat  transfer)  is  expected  when  the  MHD 
unit  is  supplying  one-half  of  the  steam  required  for  full  turbine-generator 
output.  Operation  of  the  existing  boiler  at  turn-down  to  50  percent  of  the 
expected  performance  of  163  MWe  output  is  quite  feasible,  since  the  plant 
was  observed  operating  at  70MWe  output  (43  percent  of  rated  output)  very 
staoly. 

The  sequel  is  a  set  of  remarks  directed  to  various  aspects  of  the 
retrofit,  nor  in  any  particular  order.  They  are  subject  to  modirication  as 
more  Information  becomes  available,  but  they  do  represent  our  best 
engineering  Judgement  under  the  c i rcums tances . 


To: 

From: 

Subject: 
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Qp^rgtjon  oi  ihe  Init; a!  Retrofit  Concept 

Under  conditions  that  50  percent  of  the  total  thermal  Input  required 
for  sfecm  generation  must  ccme  from  the  exhaust  of  the  Mhd  test  unit,  and 
that  both  the  b i end-ox i aant  compressor  (BOO  and  air  separation  unit  (ASU) 
compressor  are  driven  electrically,  we  expect  that  approximately  303  MW 
total  thermal  input  will  be  necessary  for  firing  of  the  topping  planr.  Of 
this,  abouT  33  MWt  will  come  from  compressing  and  preneating  of  the  oxidant 
to  8d7K  (llOOF)  in  a  recuperative  heater,  leaving  270  MWt  to  be  delivered 
by  coal  input,  which  is  estimated  to  be  10.3  Kg/sec  (85,715  Ib/hr)  of 
typical  Montana  Rosebud  coal,  dried  to  5  percent  moisture.  We  have  used  a 
high  heating  value  of  24.965  Mj/Kg  (10,735  STU/lb)  for  sucn  pre-dried  coal. 

With  expected  enthalpy  extraction  of  42  MWe  (14  percent  of  the  thermal 
input  to  the  ccmbustor),  gross  electrical  output  will  be  205  MWe,  assuming 
that  additional  turb ! ne-gensratcr  capacity  reported  by  plant  operators  (the 
150  iVVi'e  ieve!)  is  net  used.  When  the  eiec-fricat  power  requirement  of  about 
20  M'V::;  for  oxidant  cornpred  s  i  on  and  the  oxygen  plant  is  subtracted,  net 
power  output  wil  i  be  about  155  Kl3  (less  normcl  load  of  pumps,  ccmpreEdcrs, 
lignts,  etc.).  Cooling  iosses  of  17  MWt  from  the  comoustcr-nozz ! e  (5.5 
percent  of  combustor  input)  and  15  MWt  from  the  channel  (5.0  percent  of 
channel  input)  are  expected,  so  that  about  229  MV/t  will  be  exhausted  into 
the  diffuser  and  HR5R.  This  is  half  of  the  approximate  455  .^iWt  of  coal 
firing  of  the  existing  Ccrette  boiler  under  full  load  conditions.  These 
observations  do  not  yet  consider  use  of  the  32  MWt  combustcr-nozz 1 e-channel 
(C.NC)  cooling  output  for  any  specific  purpose. 

Qxi  dant  Cond  i  tioni  ng 

In  order  to  attain  the  core  gas  temperature  for  adequate  MHD  power 
extraction,  suitable  oxidant  preheat  vs.  oxygen  enrichment  guidelines  for 
sub son i c  generators  have  been  found  to  range  from  867K  (1100F)  6  34  percent 
mole  fraction  oxygen  to  1033K  (1400F)  @  30  percent  mole  fraction  oxygen 
(extrapolation  to  supersonic  generators  has  not  been  made).  Simulations 
have  been  run  with  867K  preheat  §  30  percent  moie  fraction  and  it  was  found 
that  although  operation  was  satisfactory,  it  was  just  above  the  knee  of  a 
declining  power  extraction  curve.  Reduction  of  either  preheat  temperature 
or  oxygen  enrichment  resulted  in  fairly  rapid  drops  in  power  output  from 
the  channel.  Considering  the  likelihood  of  off-design  operation  of  heaters 
and  oxygen  blending  equipment,  we  do  not  recommend  operating  so  close  to 
the  boundary  of  an  acceptable  regime.  A  boost  in  preheat  temperature 
and/or  oxygen  mole  fraction  to  the  range  Indicated  is  recommended.  The 
efficiency  penalty  paid  for  such  conservative  operation  is  Small. 

Com  bus  tcr  -Ho  7  z  I  e-Ch  a  n  n  e  I  Cool  i  pq  ^  Z^edwat'-^r  Heati  pg 

Initial  thoughts  on  use  of  CNC  cooling  output  are  directed  toward  the 
feedwater  heaters.  If  the  plant  is  operated  with  the  last  feedwater  heater 
removed  from  service  (heater  five,  operating  on  steam  extracted  from  the 
high-pressure  turbine  outlet),  and  replaced  with  CNC  cooling  water,  a 
higher  steam  mass  flow  through  the    IP-LP    turbine     is    possible,  yielding 
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increased  shaft  output  to  the  main  generator.  A  slightly  higher  heat  rate 
can  be  expected,  up  to  about  8160  BTU/kw-hr  from  8051  3TU/kw-hr.  However, 
this  cannot  really  be  considered  a  loss  since  CMC  cooling  water  was  not  of 
sufficiently  high  temperature  to  be  useful  much  of  anywhere  else,  and  might 
have  been  rejected. 

Indeed,  there  sti i  i  might  be  a  problem  in  using  it  to  provide 
feedwater  heating  as  a  substitute  for  heater  five.  Input  feedwater 
temperature  from  heater  four  will  be  47^. 4K  (394, OF,  371. Oh)  and  outlet 
temperature  will  be  512. 6K  (462. 7F,  4^5. 2h),  meaning  that  to  construct  a 
reasonaoly  sized  heater,  CNC  coolant  must  be  at  about  544K  (520F)  entry 
temperature  to  the  substitute  heater.  In  oraer  to  keep  water  from  boiling 
at  that  temperature  (and  allowing  a  reasonaole  operating  margin),  a 
pressure  of  around  8.27MPa  (1200  psi)  is  required.  This  may  be  possible  in 
combustcr-nozzi e  cooling,  but  it  is  is  not  feasible  in  channel  cooling 
hoses,  so  some  other  means  of  transferring  heat  to  the  ne-.v  heater  wil  I  be 
necessary,  e.g,,  a  h  i  ciT-bo  i  I  i  ng-po  i  n  t  intermediate  coolant.  The  actual 
therma!  tranofer  in  th5  ne-v  hearer  is  25  =  5  N';-^  based  on  a  feedwater  f  1  ov/ 
of  147,6  lxG/::ec  (n714c0  Ib/nr),  which  leaves  about  6.5  M'.vt  of  the  cooling 
output  of  the  CMC  unuscd. 

As  an  alternative  In  the  event  that  the  required  56  IK  temperature  of 
CNC  coolant  is  too  hign,  feedwater  heater  tnree  is  another  cane i date  for 
replacement.  It  has  thermal  transfer  of  about  27.6  MWt  under  high 
operating  conditions,  leaving  4.4  MWt  of  CNC  cooling  unused,  and  has  inlet 
and  outlet  temperatures  of  367. 6K  and  441, 9K  (237. 6F,  205- Sh  and 
335 . 4F, 306. 2h ) ,  respectively.  This  calls  for  pressure  in  the  2.93MPa  range 
(425  psi,  which  includes  operating  margin)  to  prohibit  water  boiling.  Some 
modification  of  the  feedwater  flows  will  be  necessary  since  heater  three 
acts  as  an  open  heater  insofar  as  inflow  and  outflow  are  concerned,  i.e., 
drain  flow  from  higher  temperature  heaters  Is  combined  with  the  feedwater 
flow  between  of  heater  number  three  end  heater  number  four.  If  steam 
turbine  drives  are  used  for  the  30C  and  ASU,  this  is  the  preferred  heater 
substitution  because  of  comparative  effects  on  turbine  steam  flows.  If 
steam  drives  are  not  used;,   it  has  no  special  reccmm.endati on  in  that  regard. 

For  either  of  these  suggestions,  a  new  heat  balance  of  the  steam  cycle 
shoula  be  made,  with  cons i aeration  given  to  the  changes  of  waterwai  1  steam 
generation,  superheat  and  reheat  requ i renients.  The  first  suggestion  shoula 
yield  greater  output  from  the  turbine-generator,  but  the  choice  depends 
upon  feasibility  of  cooling  at  higher  temperature  and  pressure.  For  either 
modification,  some  smiai  i   increase  in  heat  rate  is  expected. 

Steam  Dr  Ives  for  Air  Separation  iJn  i  ts  and  Oxi  dant  Ccnipre$^iQn 

Use  of  electric  drives  on  the  air  separation  unit  (ASU)  compressor  and 
the  blend  oxidant  compressor  (BGCJ  arives  eliminates  some  of  the 
interaction  between  the  Corette  steam  genera  for  and  the  HRSR.  If  the  plant 
is  to  be  used  for  primarily  demonstration  purposes,  this  will  be 
advantageous  through  the  coupling  reduction.  Fixed-speed  motor  drives  will 
require  use  of  inlet  guide  vane  control  of  mass  rlow,  resulting  in  sorie 
reduction  of  efficiency.     This  is    probaoly     no    critical     issue.  Overall 
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plant  output  TO  the  grid  vvill  also  be  reduced  from  gross  output  as  noted 
above. 

!f  the  decision  Is  made  to  have  a  more  test  oriented  facility  (and  we 
thin.K.  It  would  be  reasonable  in  this  case),  the  3CC  and  ASU  compressor  can 
be  turbine  driven  by  steam  from  the  HRSR  and  main  steam  generator,  thereoy 
allowing  evaluation  of  dynamics  of  a  more  complete  plant.  In  addition  to 
providing  higher  linkage  of  the  steam  systems  and  corresponding 
tesTcbility,  the  steam  Turbine  drives  will  (1)  provide  greater  net  plant 
output  and  (2)  will  allow  the  combined  plant  to  be  operated  at  lower 
turn-down  from  maximum,  prov  i  d  i  nq  th at  the  toDO  i  r.g  p  I  an t  can  be  turned-down 
with  stab! I  i ty, 

First,  assuming  that  scaling  uncertainties  will  limit  the  MHD  topping 
plant  to  303  MWt  input,  net  combined-plant  output  will  approach  205  MWe  as 
a  result  of  generating  steam  on-site  for  the  BCC  and  ASU  drives.  When 
steam  drives  are  usee  for  the  comoresscrs^  not  a! I  the  steam  generatec  by 
the  223  i-;WT  ervhausreo  to  the  nR::^R  w  i  i  I  be  available  to  power  the  main 
tur  b  i  r,e-ganeratcr .  About  13.2  NiW  steam  power  will  be  required  by  the 
combined  BGC  and  ASU  turbines,  a  value  tnat  depends  somewhat  on  oxygen  mole 
fraction.  Thus,  to  drive  tne  tur b i ne-generaror  at  full  load,  the  exisTing 
boiler  will  nave  to  be  fireu  at  a  higher  level  to  make  up  that  18.2  MW  of 
steam  nor  available  from  the  HRSR.  Rather  than  firing  at  a  50  percent 
level,  the  Corette  steam  system  wil I  raise  to  a  coal  input  near  276  MWt  or 
61  percent.  Coal  consumption  must  increase  accoraingiy,  so  no  improvement 
In  efficiency  is  forseen. 

Second,  the  Corette  furnace  has  been  observed  firing  stably  at  43 
percent  of  ful I  rating,  so  j_t  the  channe I  can  control  led  ±q  ^bout  ZQ 
percent  of  rated  I oad,  it  should  be  possible  to  reduce  combined  plant 
output  to  about  70  percent  of  full  output,  or  144  MWe  before  minimum  firing 
level  of  the  furnace  is  reached.  These  figures  are  aer ived  from  the 
min/max  furnace  firing  range  of  43/61  =  70  percent.  So  the  range  is  from 
144  MWe  to  205  MWe.  This  compares  to  a  min/niax  range  of  43/50  =  86  percent 
when  the  50C  and  ASU  are  electrically  driven,  which  gives  a  more  restricted 
range  from  159  MWe  to  165  MWe. 

As  ccunterc  I  a  i  miS  against  such  advantages  of  steam  drive  for  the  BGC 
and  ASU  drives,  certain  non-optimal  changes  are  likely.  First,  increased 
feedwater  flow  is  necessary  to  accomodate  compressor  drive  steam.  An 
increase  from  147.2  Kg/sec  (1,168,561  Ib/hr)  to  about  163,4  Kg/sec 
(1,297,000  lb/sec)  of  feeawater  is  likely  to  be  required  for  an  ideally 
balanced  system  of  steam  generation  and  consumption.  This  pushes  hard  on 
the  capacity  of  the  existing  pumps  so  that  a  small  auxiliary  pump  may  be 
required,  plus  additional  condensing  capacity.  On  the  positive  sice, 
increased  feedwater  heating  will  be  required  so  that  the  5-6  MWt  excess  of 
CNC  cooling  may  be  absorbed  effectively. 

A  more  difficult  problem  is  balancing  the  new  steam  demand  with  steam 
generation.  The  best  control  of  turdine  power  is  attained  with  a  fixed 
pressure  supply  which  is  flow  regulated  with  governor  valves,  i.e.,  nozzle 
flow  directea  through  impulse  stages,  followed  by  reaction  stages.  Thus 
source  of  BCC  and  ASU  drive  steam  is  ideally  from  the    main     steam  supply. 
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But  this  presents  problems  in  what  to  do  with  the  exhaust  steam  from  the 
two  turbines.  !f  they  are  exhaustea  to  The  coid  reheat  heaaer,  both 
pressure  and  flow  in  the  hot  reheat  header  are  increased.  Expected 
full-load  HP  turbine  flow  is  138.3  Kg/sec  (1,097,455  Ib/hr)  and  IP  inlet 
flow  is  n9.7  Kg/sec  (950,106  !b/hr).  To  give  necessary  shaft  power,  steam 
flow  through  tne  BAG  and  ASU  units  must  be  abcur  54.3  Kg/sec  (431,000 
Ib/hr)  when  fed  from  high  pressure  steam  and  pressure  in  the  rehear  sysrem 
remains  at  design  values.  This  flow  will  combine  with  the  IP  inlet  flow  to 
give  174.0  Kg/sec  through  the  iP/LP  turbine  combination,  an  unworkable 
value  which  completely  upsets  the  balance  of  steam  generation  and 
consumption.  Furthermore,  reheat  system  pressure  will  not  remain  at  design 
value,  but  will  rise  appreciably,  maKing  flow  conrrol  more  difficult. 

An  second  approach  is  to  operate  the  ASU  turbine  from  main  steam  and 
the  BCC  turbine  frcm  reheat  steam.  The  ratio  of  power  extraction  between 
the  existing  HP  turbine  and  the  IP/LP  combination  is  very  nearly  1:2.5,  and 
it  ivculG  be  desireabie  to  have  any  addixiona!  steam  crives  approximate  that 
same  rario.  ine  objective  is  to  keep  rehear  system  pressures  ner:r  cesion 
values  as  load  cnances,  thereby  minimizing  fio.y  deviaticns.  The  rario  of 
pcvcr  for  ASU  and  BCC  drives  is  aocur  1:1,9  when  30  percenr  mo i e  fraction 
oxygen  is  usee.  This  will  decline  to  around  1:1.7  as  35  percenr  mole 
fracrion  oxygen  is  approacnea.  These  ratios  are  cerrainly  of  reasonable 
value  and  they  make  a  more  com.piete  evaluarion  of  the  configuration  in 
order. 

Some  interesting  (but  we  hope  not  i nsurmounrab 1 e)  conrrol  problems  are 
forseen  with  such  an  arrangement.  As  mentioned,  control  of  turbine  power 
(or  flow)  Is  much  more  easily  attained  if  supply  steam  is  well-regulated  in 
pressure.  Thus  the  ASU  drive  would  be  highly  controllable.  The  same 
cannot  be  said  of  the  BOC  drive.  It  would  receive  steam  from  the  hot 
reheat  heacer,  which  is  not  pressure  regulated.  Control  with  a  governor 
valve  system  is  much  more  difficult,  and  may  require  a  special  design. 
Generally,  turbines  driven  frcm  unregulated  reheat  steam  are  reaction 
turbines  that  have  no  flow  control  mechanism  at  all,  being  dependenr  only 
on  supply  pressure.  One  approach  to  control  of  oxiaant  flow  is  to  use 
Inler  qu iae  vanes  on  the  compressor;  another  is  to  direct  bypass  steam  to 
the  BOC  turDine  during  rapid  load  increases. 

Another  problem  asscciared  w i tn  operation  of  the  BCC  turbine  from 
reheat  steam  is  that  of  supplying  adequare  steam  auring  rapid  load 
Increases.  There  is  a  tendency  to  starve  the  BCC  turbine  during  such  times 
so  that  MHO  firing  is  restricted.  This  Is  a  problem  that  has  long  oeen 
observed  in  simulation  of  combined-cycle  planrs  in  which  all  firing  is 
through  the  MHD  combustor.  However,  the  major  portion  of  firing  in  the 
Corette  retrofit  is  through  the  existing  furnace  and  BOC  turbine  steam 
starvation  may  not  be  a  critical  problem.  Simulations  will  provide 
reasonable  guidance.  •  ' 

As  a  thira  possibility,  the  positions  of  the  ASU  and  BCC  drive 
turoines  can  be  interchanged,  so  the  the  BOC  is  driven  from  main  sream  and 
the  ASU  is  driven  from  reheat  steam.  The  ratio  of  power  requirements  then 
becomes  much  less  favorable,  ranging  from  1:.53  to  1:.59  as  oxygen  m.oie 
fraction  ranges  from  30  percent  to  35  percenr.    Despite  such  a  power  ratio 
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disadvantage  (the  idea!  ratio  Is  1:2.5),  control  advantages  make  dynamic 
evaluation  of  the  configuration  very  wcrthwnile.  There  is  no  tendency 
toward  stsam  starvation  of  the  EOC  turbine  and  it  becomes  highly 
conTroliabis  through  governor  vaiving.  Furthermore,  a  natural  balance 
beTween  steam  generation  and  consumption  occurs,  so  that  main  steam 
temperature  and  pressure  are  very  little  affected  by  load  changes.  Because 
the  ASU  turbine  is  driven  from  reheat  steam,  its  dynamics  cannot  be  made 
very  fast  and  conrrol  through  STsam  flow  modulation  is  nor  artractive,  for 
the  same  reasons  quoTsd  above  when  the  30C  turDine  is  suppliea  by  reheat 
steam.  Thus  seme  form  of  slow  Inlet  guide  vane  control  is  m.ore  likely. 
But  the  ASU  turbine  does  not  neeo  fast  control.  In  fact,  its  response  can 
be  maue  contrary  to  load  change  demand  for  moderate  time  periods  if  that 
will  improve  overall  plant  behavior.  This  is  because  a  2-3  hour  supply  of 
oxygen  will  be  stored  for  startup  and  other  topping  cycle  needs.  Sluggish 
ASU  response  is  of  no  consequence,  ana  because  of  its  non-critical  nature, 
the  ASU  provices  an  added  degree  of  freedom  In  control.  The  major  proD i em 
seer,  vm  th  such  an  arrangement  is  the  unfavorable  ratio  of  bOC  turbine  power 
tc  ASU  Turblca  power,  and  asscciatea  potentiai  cisturoance  of  steam  flO:v 
through  the  main  turbine  IP/LP  section. 

Damage  and  outage  recovery  control  problems  may  be  less  severe  with 
steam  turoine  drives  for  the  ASU  and  BOC.  ShouiG  the  MHD  plant  lose 
firing,  only  39  percent  of  steam  requirea  for  full-load  operation  of  the 
turo  i  ne-ceneratcr  would  be  lost.  indeed,,  same  of  the  steam  generated  by 
reslGual  heat  in  fhe  HRSR  can  still  be  suppliea  while  the  main  boiler  is 
being  fired  upward.  This  would  have  to  be  carefully  monitored  to  avoia  wet 
steam  carryover.  Not  all  steam  could  be  diverted  since  some  cooling 
air/oxidant  must  be  pumped  through  the  ITCH  to  prevent  tube  burnout. 

Should  the  MHD  channel  lose  load,  the  situation  for  the  topping  plant 
and  HRSR  is  again  less  severe  when  steam  drives  are  used  for  the  BOC  and 
ASU.  Excess  steam  can  be  vented  while  decisions  are  made  about  shutccwn  of 
the  MHD  firing  system,  but  the  steam  venting  will  be  less  since  some  drive 
will  still  be  required  for  cooling  air/oxidant  flow. 


Genera!  Controi  Aspects 

Outside  of  the  ASU  and  BOC  turbine  control  problems  mentioned,  the 
remainaer  of  the  combined-cycle  system  appears  to  have  generally  gooa 
control  potential.  Use  of  the  exisisting  feedwater  pumping  system 
(condensate  and  high-pressure  pumps),  plus  a  small  auxiliary  if  requirea, 
should  be  well-matched  to  expected  flow  and  pressure  requirements. 

A  possible  problem  exists  in  drum  level  control  of  the  combined  steam 
generating  units  under  load  perturbations-  Level  changes  may  beco;ne 
significant  under  loss  of  load  by  either  the  main  generator  or  the  MHD 
generator,  or  under  complete  loss  of  the  MHD  unit.  Including  gas  flow  tc 
the  HRSR.  It  is  expected  that  the  HRSR  will  have  an  indiviaua!  arum 
associated  with  its  steam  generating  unit.  But  the  steam  generating 
systems  are  only  sem i - i ndependent,  being  linked  by  water  and  steam  flows. 
The  combined  units  shoula  be  dynamically  m.odeled  to  aetermine  the  nature  of 
Interactions. 
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Because  it  may  be  desired  to  operate  the  Corette  plant  and  the  MHD 
topping  unit  in  sem i - i ndeoendent  manners,  say  for  tests  of  the  NiHD  unit, 
while  holding  overall  power  output  at  levels  required  by  the  Montana  Power 
system,  aaditiona!  control  modes  may  be  necessary.  No  significant  problem.s 
are  currently  anticipated  with  coorainating  output  of  the  combined  units  to 
meet  grid  requirements.  Basicaily,  when  the  MHD  topping  plant  is  fired 
independently,  firing  of  the  existing  boiler  can  be  adjusred  to  compensate 
for  changes  in  MHD  outpur.  Steam  flows  that  crive  the  SCC  and  ASU  are 
f undamenra I  I y  linked  to  the  MHD  operaring  level,  so  that  cxicant  pumping 
neeas,  HRSR  thermal  input,  and  resultant  steam  generation  will  all  move 
together.  The  HRSR  will  also  proviae  some  steam  to  the  main  turbine  at  ail 
MHD  f i r i ng  I  eve  I s. 

Subson ! c  vs.   Supersonic  and  E  i  ectr  i ca I  Conf  i gurati on  Cons i gerat j ons 

.  The  question  of  >;hether  the  retrofit  MHD  topping  cycle  shouid  be 
confiourec  eitner  subsonic  or  supersonic  is  not  cle^r  cut  aiio  depends  upon 
the  eiectrical  generator  conr  i  gurati  on  as  well.  We  begin  by  listing  scr,ie 
of  the  advantages  and  disadvantages  of  eacn  configuration: 

Subson  ic  svsten 

1.  The  system  is  very  stable  in  Faraaay  connection    to     large  global 
transients  aoout  the  full    load  aesign  point, 

2.  The  current  density/electrode  is     lower    for    a    fixed    amount  of 
design  power  output  because  of  the  increased  wall  surface  area. 

3.  The  thermal  heat  losses  through  the    generator    walls    are  larger 
•    because    of    the  increased  sur f ace/vo 1 ume  ratio  for  a  given  design 

power  output,  (pressure  heat  transfer  effects  are  however  more 
f avorab I e. ) 

4.  For  a  given  amount    of    power    output,     the    magnetic    field  flux 
densitv  must  be  in  the  6  Tesia  range  for  optim.um  performance. 

5.  Operation  at  reduced  power  output  is  quite  stable,  especially  for 
Faraaay  connection. 


Siinerscn  ic  System 

1-  Supersonic  operation  at  the  same  power  output  level  is  possible 
using  a  smaller  value  of  magnetic  fiela  strength. 

2.  The  generator,  being  smaller  than  the  equivalent  subsonic 
generator  in  surface  area  size  for  the  same  mass  flow  and  power 
output,  has  smaller  thermal    losses,   (to  first  oraer.) 

3.  The  current  balance/electrode  is  satisfactory  only  at  design  load 
for  diagonal  connection. 
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4.  The  stability  of  operation  of  supersonic  flow  channels  is  poor  at 
reduced  load  operation,  particularly  for  two-terminal  diagonal 
connect i  on. 

5.  The  current  density  and  heat  flux/electrode  are  higher  for 
supersonic  operation.  All  other  things  being  equal,  this  would 
indicare  a  higher  incidence  of  arc  concentrations. 


Before  elaborating  on  these  statements,  we  will  present  several 
possible  modes  of  operation  of  a  Coretre  MHD  retrofit  plant. 

POSS! b I e  Moces  ol  Operation  q±  ^  Corette  MHD  Retrpf  i t  PI  ant 

Three  possible  modes  of  operation  would  appear  to  be  useful  for 
consideration: 

},     The  total  pc-'er  curput  of  the    Ccretre    r'"HD    retrofit    ccmbi  nation 
vvou  i  d     apprcx  i  mate    thai  whicin  Coretje  can  deliver  now,   (163  .'^-iWe.  ) 
■  The  riHD  topping  cycle,  when  operafing,  wou 1 g  be  operated  at  design 

power  output. 

2.  The  total  power  output  of  the  plant  combination  would  equal  the 
full  load  capacity  of  the  combined  plant.  This  wou i a  be 
approximately  215  MV/e,  taking  into  consideration  the  present 
excess  turbine-generator  capacity  of  10  i-iWe. 

3.  Depending  wpon  load  requirements,  the  retrofit  plant  output  would 
be  varied  with  variable  topping  and  bottoming  cycle  loading. 

Mode  1  would  provide  the  sim.pl  est  control  and  operational  environment 
for  the  MHD  topping  cycle  since  its  output  wou I  a  essentially  be  always 
constant  when  in  operation.  Based  upon  an  assum,ed  topping  cycle  size  of 
40-50  MWe,  the  Corette  boiler  can  be  operated  staoly  at  about  the  required 
reduced  level.  At  less  than  84  percent  of  this  level  the  Corette  boiler 
may  become  difficult  to  control  on  a  steady  state  basis.  When  the  MHD 
generator  m.ust  be  tripped  from  the  line,  the  overall  plant  output  could  be 
quickly  restored  by  increasing  the  power  angle  of  the  Corette  turbine 
generator.  The  load  change  rate  of  5'o/minute  presently  in  use  at  the  plant 
wou 1  a  allow  180  MWe  Corette  load  to  be  reassumed  in  approximately  5  to  7 
minutes.  MPC  system  reserve  is  well  able  to  handle  the  short  increased 
demand  during  most  periods  of  the  year. 

Mode  2  would  provide  a  high  uptime  demand  requirement  on  the  MHD 
topping  cycle  and  the  additional  requirement  for  considerable  steam  venting 
upon  MHD  trip.  The  topping  and  bottoming  cycle  control  for  this  mode  would 
be  mere  coRip  i  ex  un  I  ess  the  MHD  generator  £jir  ^  stao  I  y  oppf^ifed  ^  reduced. 
J  pad  i  ng.  This  uiOde  wou I  a  closely  approximate  the  usual  base- load  plant 
conaitions  and  in  our  opinion  is  too  optimistic  an  operational  assumption 
for  the  present  state  of  MHD  technology.  The  m.ode  could  be  trieo  however 
on  a  slack  system,  short-time  basis  for  gathering  operational  control  data. 
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Mode  J  would  provide  the"  greatesr  flexibility  of  operaTlon  and  would 
provice  the  most  desireable  conaitions  for  obraining  additional  engineering 
data.  Depending  upon  system  load  requirements,  MPC  might  desire  to 
experi.T^nt  with  MHD  peaking  usage  if  tne  flexibility  and  reliability  of  the 
channel  coulc  be  assured.  As  observed  earlier,  control  of  this  mode  would 
also  be  complex,  bur  not  unreasonable. 

D ! scuss  ion 

We  will  now  elaborate  on  the  question  of  subsonic  and  supersonic 
operation  in  the  context  of  the  above  operational  modes  before  giving  our 
preliminary  conclusions;  it  must  be  understood  that  definitive  conclusions 
concerning  these  questions  cannot  be  given  without  additional  studies  and 
simul ations. 

First  some  perspective  comments.  We  believe  that  the  initial  goal  of 
the  proposed  rerrof  it  woulc  be  to  proviae  reliable  bottoming  cycle  pov-er 
generjTicn  on  esssnTlaily  a  conTinucus  basis  while  provicing  a  f ac i I  i ry 
wnere  a  MHO  topping  cycle  can  be  STLidieo  furrh^r  in  a  commercial 
environment.  The  efficiency  of  the  ccmoined  plant  will  be  of  seconcary 
imporTance  provided  the  overall  efficiency  is  nor  less  than  that  possible 
in  the  stand-alone  bottoming  cycle  conr i gurati on.  Since  the  scale-up  of 
the  MHD  generator  required  is  quite  large  in  comparison  to  any  existing 
coai-firea  MHO  test  facility^  the  technology  shoula  bulla  conservatively 
upon  our  known  data  base.  The  cost  of  tne  proposed  retrofit  shoula  be  as 
low  as  possible  consisTsnj  with  obtaining  as  many  of  the  above  coals  as 
poss  i  b  i  e. 

The  supersonic  channel  possesses  the  distinct  advantage  that  the 
magnet  requirements  can  be  reduced  with  respect  to  magnet  volume  and  peak 
required  magnetic  field.  At  any  load  factor  for  the  Faraday  connection  and 
about  the  design  load  factor  for  the  diagonal  generator,  the  power  output 
per  unit  volume  varies  proportional  to  the  square  of  the  velocity-B  fiela 
product.  Thus  if  the  velocity  in  the  supersonic  case  is  increased  by  100^ 
over  its  value  in  the  subsonic  case,  the  magnetic  field  B  may  be  reduced  to 
half  of  its  value  for  the  same  power  output.  However,  if  the  idea! 
induction  is  taken  to  be  6  Tesla;,  the  magnetic  fiela  will  have  to  be 
reduced  to  approximately  2.5  Tesia  to  significantly  reduce  the  cost  and 
power  requirements  of  the  magnet,  since  this  is  the  upper  saturation  limit 
of  all  but  very  exotic  magnet  materials.  Thus  the  channel  will  have  to  be 
operated  at  above  Mach  2,  to  achieve  the  same  power  output.  This  is  quite 
hign  comparea  to  existing  experience  and  would  require  a  sharply  negative 
velocity  gradient  within  the  channel  to  mesh  efficiently  with  a  reasonable 
diffuser  design.  Although  there  are  no  apparent  reasons  such  a  design 
would  not  work  reasonably  at  aesign  power,  the  stability  at  reduced  loading 
would  appear  to  be  a  serious  question.  The  control  of  a  Faraaay  generator 
would  have  to  be  quite  tight  and  flexible  concerning  indiviaua!  electroae 
current  loading  to  make  this  workable;  a  two-ferminal  diagonal 
configuration  wculc  perhaps  not  be  worixable  at  all  off  design.  Thus, 
although  supersonic  operation  wou  I  a  greatly  simiulify  the  magnet  cost  and 
operational  problems,  it  is  not  without  significant  problems,  particularly 
if  part  load  operation  is  desireable. 
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Apart  from  magnet  considerations,  the  remaining  questions  of 
opersTionai  characteristics  of  super  vs.  subsonic  operation  also  must 
Involve  the  question  of  whether  the  generator  is  diagonally  or  Faracay 
connected.  The  nominal,  first  order  connection  operational  character i sri cs 
are  compared  In  Figure  4,6,  page  66  of  Rosa's  PooK.  These  characteristics 
hoid  for  either  subsonic  or  supersonic  operation.  The  diagonal  generaror 
provides  greater  output  voltage  for  a  given  output  current  whicn  is  a 
slight  cost  advantage  with  respect  to  inverter  or  step  up  voltage 
transformer  winding  requirements.  The  slope  of  the  of  the  voltage-current 
characteristic  is  however,  quite  steep  leading  to  greatly  decreased  power 
output  and  stability  of  operation  at  other  than  a  very  small  range  of 
values  about  the  design  load  factor.  Further,  because  of  electrode  current 
Imbalances,  the  performance  at  of-design  load  is  particularly  inefficient. 
This  is  only  correctaole  if  the  connection  is  augmented  by  the  use  of 
electrode  current  balancing  shuffle  circuits.  This  then  raises  the  cost  of 
the  power  consolidation  circuitry  to  a  level  comparible  with  that  of  Rosa 
consc  i  i  dat  i  on  necessa.-y  for  a  Faraday  channel.  The  Faraday  channel,  with 
Rosa  conso ;  i  Cat !  en,  provices  co;r;p!8te  control  of  the  power  output  of  the 
generator  in  a  manner  which  may  be  optimizea  w i tn  respect  to  the  particular 
load  cone  it  ion  desirea.  The  Faraday  connection  is  also  quite  Droad  with 
respect  to  variable  load  factor  while  still  operating  at  high  efficiency. 
Further,  detailed  transient  stuales  indicate  that  tne  glooal  imposition  of 
substancial  faults  on  tne  Faracay  generator  are  well  tolerated  in  the 
suDsonic  case.  Some  additional  worK  is  now  Deing  carried  out  which  may 
partially  compare  these  results  with  what  may  be  expected  on  aiagonal  and 
supersonic  channel  designs.  However,  much  aaditional  work  neeas  to  be  done 
to  gain  answers  to  this  question.  Neverthe 1  ess, i t  is  assumed,  because  of 
the  large  amount  of  generator  experience  gained  previously  at  AVCO  and  the 
CDIF,  that  the  diagonal  channel  connection  is  probably  the  most 
conservative.  - 

If  the  Faraday  connection  with  complete  consolidation  and  individual 
electrode  current  control  is  desirea,  forced  commutation  or  pulse  wicth 
modulation  is  requlreo.  '  '  . 

The  question  of  forced  or  line  commutated  inverter  system  is  strongly 
affected  by  the  tim.e  frame  in  which  the  retrofit  is  to  be  made.  If  the 
retrofit  were  to  be  made  immediateiy,  the  choice  woula  probaoiy  be  to  use  a 
line  commutated  system  based  upon  the  Westinghouse  design  because  of  the 
present  state  of  the  available  semiconductors.  However,  with  the 
si  1  icon-control ed-recti f ier,  (SCR)  and  (especially),  power  transistors 
advancements  made  recently,  there  is  a  strong  shift  in  advantages  towara 
forced,  or  load  adaptive  designs.  For  example,  the  new 
pulse-width-m.oduldtion  designs  using  power  transistors  maKe  possible  the 
capability  of  dynamic  current  control  and  interruption  in  either  Faraday  or 
multi-rap  diagonal  configurations.  This  woula  permit  extinction  and 
control  of  arc  currents  without  disturbance  to  the  rest  of  the  generator. 
The  cost  and  complexity  of  these  systems  shou 1  a  be  greatly  reduced  compared 
to  Rosa  consol i action  designs.  .    ■  ■ 

Cone  1 usions 

The  preliminary  conclusions  may  be  summarized  as  follows: 
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If  mode  1  operation  "is  aesired,  it  appears  possible  to  operate 
supersonica!  iy  with  reduced  magner  requirements  and  a  twc-terrn i na ! 
a i agonal  connection.  The  design  of  the  generator  woula  be  a 
come ! ex  comprcmise  necessary  to  achieve  the  objecrives  of  nearly 
equal  electrode  currents  with  a  steeply  negative  velocity  gradient 
to  meet  reasonable  diffuser  aesign  requirements.  An  inverter 
system  based  upon  The  CD  IF  Westingnouse  design  could  then  be  usea. 
This  design  woulc  be  very  inflexible  In  operation,  woula  be  the 
most  conservative  design^  and  wou i a  provice  very  litTie 
advancement  of  MHD  technology  other  than  previa ing  commercial 
operating  experience  and  long  duraTion  TesT  data.  A  consicerable 
amount  of  power  factor  correction  VARS  wcu 1 c  have  to  be  supplied 
for  this  system.  The  control  system  'aesign  to  perm.it  stable 
operation  of  the  system  would  appear  to  be  severe. 

Mode  3  operation  wcuIq  be  most  flexibly  carried  out  using  Faraday 
GperaTion,  (or  at  least  multi-tap  diagonal  connection  with  snuffle 
circuits)  and  suoscnic  generaTcr  operation.  This  wou ! a  involve  a 
suparccnu uCT i ng  magnet  requirement  and  woulc  be  more  expensive 
than  The  mode  ]  design.  This  moae  of  operaTion,  if  it  can  be 
after  dec,  wou  i  c  advance  the  sTcTe  of  NihD  s  i  gn  i  f  icanTi  y  over  its 
presenT  staTe  witn  respect  to  generators,  povver  conversion 
teen n o i  ogy ,  and  co n Tr o  i . 

Moae  3  supersonic  operaTion  wou 1  a  require  strong  load  control  on 
the  i^iHD  generator  and  prooably  require  flexible,  compleTe 
consolidation  of  a  Faraday  generator.  If  a  high  fielc, 
superconducting  magnet  were  used  the  control  of  the  generator 
becomes" less  severe  and  restricted.  If  the  diagonal  connection 
were  usea  it  would  have  to  be  at  least  multi-tap  diagonal  in 
configuration,  perhaps  with  some  shuffle  circuits  required. 
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To:  Gordon  Neiscn,  Mountain  States  Energy 

From:  Roy  M.   Johnson,  Ph.D,  and 

Donald  A,  Rudberg,  Ph.D.,  P,£.,  Consultants 
SuDject:     Mores  on  the  MHD  R^trof  i  t  Rev  iew  of  the  Corr^te 

SrecfrJE  !  ectr  ic  Power  P !  anr 


General  R??,?grKs  About  iiu^  Retro f  i  t  Rev  iew  end  the  P  !  ant 

Because  no  dynamic  simulation  of  a  combined  plant  with  either  a 
supersonic  channel  or  the  proocsed  sredm  generation  sy stern  hcs  been  done^ 
suaseuuenr  comments  are  cased  on  extrapo ! at i o!i  of  experience  with  simulated 
cperaTion  and  conrroj  of  planys  havirig  suDscnic  channels,  in  wn  ich  a  single 
HRSR  provides  all  sream,.  Altnough  we  I  i -cons  i  cered  engineering  esrimates 
have  been  mace,  complete  heat  and  mass  balances  have  not  been  calculated, 
so  Thar  seme  variarion  from  quoted  values  of  hear  and  mass  can  be  expecred. 

According  to  MPC  documents,  fuM-ioad  firing  of  The  Corette  plant  Is 
22.04  Kg/sec  (174,397  !b/hr)  of  Montana  Rosebud  coal,  with  23.5  percent 
moisture,  and  thermal  content  of  20.884  MJ/Kg  (89o0  BTU/ib),  for  a  total  of 
460.2  MWt  coal  input.  At  rated  steam  conditions  of  1 2. 41  ivlPa/867K/667K 
(1600psi/1000F/1000F),  the  expected  performance  is  163.0  MWe  at  a  heat  rate 
of  8051  BTU/kw-hr  for  the  turbine-generator  unit.  According  to  experienced 
operators,  if  sufficient  boiler  and  airflow  capacity  were  available,  the 
turbine-generator  will  provide  electrical  output  of  173  MWe  (192,000  KVA  at 
.90  power  factor). 

During  MHD  firing  with  the  initial  configuration,  the  heat  rate  wii! 
change  little  because  the  turbine-generator  will  be  operating  at  full-load. 
A  thermal  input  to  the  existing  furnace  of  slightly  over  half  of  full-load 
values  (to  accomodate  off-design  heat  transfer)  is  expected  when  the  MHD 
unit  is  supplying  one-half  of  the  steam  required  for  full  turbine-generator 
ouTput.  Operation  of  the  existing  boiler  at  turn-down  to  50  percent  of  the 
expected  performance  of  163  MWe  output  is  quite  feasible,  since  the  plant 
was  observed  operating  at  70M'..'e  output  (43  percenr  of  rated  output)  very 
stably. 

The  sequel  is  a  set  of  remarks  directed  to  various  aspects  of  the 
retrofit,  not  in  any  particular  order.  They  are  subject  to  modification  as 
more  information  becomes  aval  loo  I e,  but  they  do  represent  cur  best 
engineering  judgement  under  the  circumstances. 


ATTACHMENT  #6 


In  order  to  address  all  the  comments  received  from  reviewers  of  Milestone  #2, 
the  comments  have  been  categorized  into  succinct  summaries  with  responses 
made  to  these  categories.    However,  in  some  cases  it  was  felt  that  specific 
responses  were  warranted. 
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SUCCINCT  SUMMARIES 


Reviewer  Comment:      Parallel  MHD  Retrofit  - 


Bottoming  Cycle  Operation:  Potential  adverse  effect 
on  availability  of  the  Bottom  Cycle. 


Response 


These  comments  express  clearly  valid  concerns. 
However,  the  operational  problems  inherent  in  repeated 
cycling  of  the  retrofit  cycle  have  been  discussed  in 
detail  with  the  host  utility  and  appear  to  present  no 
adverse  impact  on  the  projected  operational  mode  of 
the  selected  Bottominq  Plant, 


Reviewer  Comment 


Parallel  MHD  Retrofit  - 


Bottoming  Cycle  Operation:  Difficulty  of  mixing  steam 
from  two  systems .  '    .  ■ 


ResDonse 


It  is  agreed  that  an  "ideal"  ATS  or,  for  that  matter, 
an  ideal  commercial  retrofit  would  not  incorporate 
steam  mixing.    In  any  MHD  retrofit  design,  a  choice 
must  be  made  between  either  mixing  the  two  steam  flows 
or  using  the  existing  boiler  as  the  heat  recovery 
unit.    The  latter  choice  will  involve  modification  to 
the  existing  boiler  and  will  also  introduce  unknown 


wear  and  corrosion  factors  into  the  boiler,  due  to  the 
fact  that  the  flue  gas  from  the  MHD  power  train  will 
be  laden  with  seed  products.    It  is  very  unlikely  that 
the  host  utility  would  permit  such  a  gas-stream  ■ 
tie-in,  particularly  for  the  first  retrofit.    This  is 
the  reason  for  specifying  a  steam  tie-in. 

It  is  also  recognized  that  a  relatively  sophisticated 
control  will  be  required  to  mate  the  MHD  retrofit  to 
the  selected  bottoming  plant.    The  selected  mode  of 
operation  is  obviously  a  trade-off  involving 
considerations  of  anticipated  limited  funding 
(affecting  the  scale  of  ATS)  and  availability  of' 
appropriate  host  bottoming  plants. 

Regarding  the  technical  rationale  for  mixing  steam,  it 
does  not  appear  that  development  of  suitable  controls 
will  present  the  overwhelming  difficulties  some 
reviewers  suggest.    In  any  event  the  development  of 
these  controls  is  not  superfluous  since  early 
"commercial"  MHD  retrofits  will  probably  incorporate 
steam  mixing. 

Hence,  the  selected  mode  of  operation  is  consistent 
with  both  demonstrating  that  MHD  "works"  to 
prospective  user  utilities  as  well  as  to  making  a 


contribution  to  the  developinent  of  MHD  as  a  viable 
generation  technology  -  both  goals  of  the  ATS  program. 

Reviewer  Comment:     Net  thermal  efficiency  of  combined  retrofit/bottom 

cycle:    Necessity  or  desirability  of  specified  MHD 
component  efficiencies  and  overall  plant  efficiencies. 

Response:  .  For  the  ATS  to  be  a  credible  "Test  System",  in 

addition  to  demonstrating  that  MHD  "works", 
appropriate  design  requirements  (efficiency,  etc)  must 
be  specified  for  the  MHD  equipment  consistent  with  the 
requirements  for  providing  a  technical  base  from  which 
to  confidently  scale  the  ATS  results  to  commercial 
scale. 

The  requirements  so  placed  on  the  MHD  components  from 
a  technology  point  of  view  lead  to  a  system  that  will 
not  degrade  the  performance  of  the  original  plant  and 
may  potentially  provide  a  modest  increase.         .  • 

It  is  emphasized  again  that  these  requirements  are 
primarily  technology  based  and  are  necessitated  by  the 
requirements  that  the  ATS  make  worthwhile  technical 
contribution  to  eventual  commercialization  as  well  as 
demonstrate  that  MHD  "works".    Both  are  essential 
requirements. 


Reviewer  Comment:     Combustor  Cooling:    Efficient  use  of  recovered  heat. 

Response:  We  agree  with  the  comment  and  intent  to  recover  as 

much  heat  as  practical  from  MHD  components  within  the. 
constraints  of  not  adding  complexity  and, 
consequently,  increasing  the  technical  risk  of  this 
design. 


Reviewer  Comment: 

Response :  The  suggested  modification  will  result  in  a  somewhat 

improved  thermal  efficiency  of  the  plant.    This  change 
'  =     '■  would  require  modifications  and  controls  to  the 

existing  Corette  Feedwater  Heater  Flow  Configuration 
when  the  MHD  Retrofit  is  operating.    This  design 
option  is  the  subject  of  continuing  study.  However, 
the  operational  complexity  and  additional 
modifications  to  the  existing  plant  may  not  justify  a 
small  incremental  improvement  in  heat  rate. 


Boiler  feedwater  heating:    Extracting  HRSR  Boiler 
feedwater  immediately  following  the  Boiler  Feedwater 
Pump, 


Reviewer  Comment: 


Coal  and  Seed  Drying:  Suitability  of  Flue  Gas  for 
drying. 


Resolution  of  these  comments  will  be  made  when 
establishing  the  functional  and  operational 
requirements  in  Milestone  4. 

Simplified  steam  control:    Possibility  of  elminating 
main  steam  control. 

The  suggested  simplification  to  the  control  of  steam 
flow  from  the  MHD  and  existing  boiler  is  appropriate 
and  has  been  incorporated  into  the  design. 

SPECIFIC  COMMENTS 

The  ATS  should  be  designed  for  very  low  or  no  oxygen 
enrichment  with  1300°K  (1880°F)  air  preheat. 

The  ATS  design  should  follow  the  guidelines  set  by  the 
Phase  I  Study2,  which  represents  the  utility 
viewpoint.    That  document  calls  for  the  ATS  to  be  a 
coal -fired  open  cycle  MHD  topping  unit  with  oxygen 
enrichment.    Large,  high  temperature  recuperative  type 
air  heaters  will  require  significant  development  work 
before  they  can  be  used  reliably,  and  thus  are  not 
appropriate  for  a  project  such  as  this  which  should 
rely  on  existing  MHD  components  and  test  experience 
insofar  as  possible.    We  do  agree  with  this  reviewer 
in  his  belief  that  ultimately,  oxygen  enrichment  must 


be  superseded  by  high  temperature  air  heaters  if  MHD 
is  to  fully  realize  its  potential  efficiency  gains. 

Electric  drives  for  the  blend  air  compressor  and  the 
air  separation  unit  compressor  are  preferable  to  steam 
turbine  drives  because  they  provide  for  easier  plant 
start-up  and  also  do  not  change  the  steam  loading  of 
the  main  turbine. 

This  problem  is  the  subject  of  an  on-going  study.  The 
efficiency  of  the  plant  could  be  increased  slightly  by 
going  to  steam  drives,  but  this  would  be  at  the 
expense  of  a  more  complicated  design,  and  would 
require  modification  of  high  pressure  steam  lines.  It 
might  also  adversely  impact  the  controllability  of  the 
main  turbine  in  some  transient  situations.  The 
original  specification  of  motor  drives  will  remain  in 
place  unless  the  above  questions  can  be  resolved. 

The  design  objectives  specified  in  the  Milestone  2 
report  do  not  agree  with  those  developed  in  the  DNRC 
Phase  I  Study, 

We  do  not  believe  there  is  any  conflict  between  the 
design  philosophy  adopted  by  MSE  and  that. which  is 
represented  in  the  Phase  I  Study.    In  regard  to  the 
reviewer's  statement  that  MSE  has  added  an  unwarranted 


efficiency  requirement,  we  would  respond  by  saying 
that  if  the  ATS  is  built  and  demonstrates  an  overall 
lower  efficiency  than  that  of  the  original  Corette 
plant,  it  would  be  difficult  to  interpret  that  as  a 
convincing  demonstration  of  MHD  technology.  Indeed, 
the  MPC  report  which  is  referenced  by  the 
reviewer(2)  states,  "Test  results  from  the  operation 
of  the  Advanced  Test  System  must  reveal  that 
theoretically  predicted  heat  rate  efficiencies  will  be 
attainable  with  a  commercial  size  facility".  This 
would  appear  to  be  substantially  equivalent  to  the 
requirement  that  plant  efficiency  should  not  be 
degraded  by  retrofit.    The  other  performance 
requirement  of  a  minimum  enthalpy  extraction  of  19-20% 
has  been  relaxed  considerably  to  a  minimum  of  10%  as 
noted  in  Section  2.1.    Enthalpy  extractions  below  10% 
would  almost  certainly  result  in  a  reduced  plant 
efficiency.    This  requirement  has  been  retained  in  its 
modified  form  in  order  to  insure  that  some  kind  of 
minimal  performance  requirement  is  established  for  the 
major  MHD  components.    Simply  requiring  that  overall 
plant  efficiency  should  not  be  reduced  does  not  impose 
any  restrictions  on  the  manufacturers  of  MHD 
generators.    Similar  arguments  hold  for  the  MHD 
combustor  and  the  heat  recovery  system. 


Reviewer  Comment:      The  selection  of  a  supersonic  channel  may  not  be  wise 

because  when  operating  at  off -design  conditions  it  may 
be  difficult  to  control  and  may  exhibit  poor 
steady-state  performance. 

Response:     ,  The  supersonic  generator  was  chosen  for  three 

reasons:    reduced  magnet  costs,  greater  experience 
with  supersonic  channels,  and  analysis  results.  The 
question  of  off -design  performance  of  subsonic  vs. 
supersonic  channels  can  only  be  definitively  answered 
.        *•  when  more  test  experience  has  been  gained  from  running 

large  subsonic  generators. 
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3662 


tates  Energy  Inc. 


BUTTE,  MOm^HA  69702 


INVOICE 


Department  of  Natural  Resources 
32  South  Ewing 
Helena,  MT  59620 


Date: 
Contract: 
Invoice  No 


February  18,  1983 
DNRC  Milestone  III 
DNRC-03 


Direct  Labor 
Fringe 

Overhead 

Other  Direct: 
Travel 

Computer  Support 
Contract  Services 
Suppl ies 

General  &  Administrative 
TOTAL  COSTS 

Fee 

TOTAL  INVOICE 


$15,274.45 
6,375.54 


$  751.90 
1,995.42 
4,470.00 

14,70 


$21,649.99 
8,631.14 


$  7,232.02 
7,636.55 
$45,149.70 
$  5,062.50 
$50,212.20 


ATTACHMENT  #8 


DIRECT  LABOR 
FRINGE 

LABOR  OVERHEAD 

OTHER  DIRECT  COST 
Consultants 
Travel 

Computer  Service 
Reproduction 
Materials  and  Supplies 
Direct  Costs 

GENERAL  AND  ADMINISTRATIVE 

COST 

FEE 

PRICE 


ESTIMATED  COSTS 
MILESTONE  NO.  4 

$23,802 

9,938  $33,740 
12,298 

8,700 
3,000 
1,000 
0 

200  12,900 
$58,938 

12,062 

$71,000 

5,062 

$76,062 
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